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Disclaimer 


This  report  has  been  reviewed  by  each  of  the  contracting  and 
funding  agencies.   The  contents  do  not  necessarily  reflect  the 
views  and/or  policies  of  any  of  those  agencies.   Mention  of 
trade  names  or  commercial  products  does  not  constitute 
endorsement  or  recommendation  for  use. 


EXECUTIVE  SUMMARY 

The  Provincial,  Territorial  and  Federal  Energy  Ministers  formed  a 
Task  Force  on  Energy  and  the  Environment  in  August  1988  to 
examine  the  options  available  for  reducing  carbon  dioxide  levels 
in  Canada.   This  study  was  commissioned  as  a  contribution  to  the 
work  of  the  Task  Force. 

Contributors  to  the  Greenhouse  Effect 

The  World  Resources  Institute  estimates  the  man  made 
contributions  to  the  greenhouse  effect  to  be  as  follows:1 

.  carbon  dioxide  (C02)  49% 

.  methane  (CH4)  18% 

.  chlorof luorocarbons  (CFCs)  14% 

.  nitrous  oxide  (N2O)  6% 

.  other  gases2  13% 

This  study  examines  ways  to  reduce  emissions  from  the  principal 
man  made  sources  of  carbon  dioxide,  chlorof luorocarbons  and 
methane . 

Man  Made  Sources  of  Carbon  Dioxide  Emissions 

The  dominant  man  made  source  of  carbon  dioxide  is  the  combustion 
of  fossil  fuels;   coal,  petroleum  products  and  natural  gas.   This 
study  focuses  on  ways  to  reduce  carbon  dioxide  emissions  from  the 
principal  fossil  fuel  uses  in  Canada.   These  uses  include: 

.  space  and  water  heating  in  the  residential  and  commercial 

sectors  ; 
.  industrial  use  of  oil,  natural  gas  and  coal  for  energy; 
.  transportation  fuels;   and 
.  generation  of  electricity  from  coal,  oil  and  natural  gas. 

Feedstocks  and  other  non-energy  uses  are  not  addressed. 


World  Resources  Institute  as  reported  in  The  Economist, 
March  11,  1989,  p87. 

Ozone  (O3)  in  the  troposphere  contributes  to  the 
greenhouse  effect.   It  is  not  emitted,  but  is 
synthesized  in  the  troposphere  through  photochemical 
reactions  involving  nitrogen  oxides  (N0X) ,  water  vapour 
and  gaseous  hydrocarbons. 

Carbon  monoxide  (CO)  and  nitrogen  oxides  (N0X)  are  not 
greenhouse  gases,  but  they  can  significantly  alter  the 
chemistry  of  the  atmosphere  and  so  affect  the 
concentrations  of  greenhouse  gases. 
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Combustion  of  fossil  fuels  also  causes  emissions  of  methane  and 
nitrogen  oxides.   The  impact  of  measures  to  reduce  carbon  dioxide 
emissions  on  emissions  of  these  gases  is  also  addressed.   The 
change  in  nitrogen  oxides  emissions  is  translated  into  a  change 
in  tropospheric  ozone  concentration. 

The  economic  costs  of  carbon  dioxide  abatement  measures  and  the 
regional  impacts  of  these  measures  are  discussed  as  veil. 

Man  Made  Sources  of  CFC  and  Methane  Emissions 

Chlorof luorocarbons  are  used  in  the  manufacture,  testing, 
maintenance  and  operation  of  a  range  of  products.   This  study 
reviews  the  uses  of  CFCs,  their  possible  substitutes  and  the 
status  of  national  and  international  efforts  to  reduce  CFC 
emissions. 

Methane  emissions  are  predominantly  from  natural  sources.   The 
largest  man  made  sources  are  fugitive  emissions  from  land  fills, 
coal  mines,  the  petroleum  industry  and  similar  sources.   This 
study  examines  ways  to  reduce  fugitive  emissions  from  those 
sources. 

Scope  of  the  Study 

Due  to  time  limitations,  this  study  was  limited  to  a  review  and 
analysis  of  available  information;  no  original  research  was 
undertaken. 

The  study  is  a  technical  analysis  of  potential  measures  to  reduce 
energy  related  emissions  of  greenhouse  gases.   Policies  to 
encourage  implementation  of  any  of  the  measures  are  beyond  its 
scope.   Analysis  of  the  effects  of  reduced  emissions  on  climate 
change  also  i6  outside  the  scope  of  the  project. 

The  study  takes  a  national  perspective.   Regional  implications 
are  discussed  in  broad  terms.   That  discussion  is  not  intended  to 
be  a  substitute  for  detailed  regional  analyses. 

The  time  frame  for  the  analysis  is  the  period  to  2005. 
Implications  for  the  period  beyond  2005  are  discussed  briefly. 

Reliability  of  the  Results 

An  analysis  of  this  type  is  inherently  uncertain.   It  relies  on 
forecasts  of  energy  prices  and  demand,  of  technological 
developments,  of  the  costs  and  performance  of  existing  and  new 
technologies,  and  a  host  of  other  factors  subject  to  varying 
degrees  of  uncertainty.   It  also  draws  on  numerous  sources  of 
varying  accuracy. 
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The  inherent  uncertainty  of  the  data  Beans  that  caution  should  be 
exercised  in  interpreting  the  results  relating  to  any  specific 
measure  or  in  attempting  to  apply  the  results  to  an  individual 
province.   However,  the  uncertainty  relating  to  specific  measures 
does  not  weaken  the  overall  results. 

This  study  provides  the  most  detailed  analysis  of  specific 
atmospheric  greenhouse  gas  emission  abatement  measures  of  any 
study  yet  completed  in  Canada.   In  aggregate  its  findings  are 
consistent  with  those  of  less  detailed  studies.   This  consistency 
with  the  findings  of  independent  researchers  provides  a 
considerable  level  of  confidence  in  the  results. 

Carbon  Dioxide  Emission  Reduction  Reference 

A  national  objective  for  reduction  of  carbon  dioxide  emissions 
has  not  yet  been  established.   But  to  study  the  options  for 
reducing  emissions,  a  target  or  point  of  reference  is  needed. 
The  illustrative  target  used  in  this  analysis  is  the  one 
recommended  by  the  June  1988  conference  on  "The  Changing 
Atmosphere;  Implications  for  Global  Security";  specifically  a  20 
percent  reduction  from  1988  carbon  dioxide  emission  levels  by 
2005. 

Estimates  of  energy-related  carbon  dioxide  emissions  to  the  year 
2005  are  based  on  the  national  energy  demand/supply  forecast 
prepared  by  the  Department  of  Energy,  Mines  and  Resources.   The 
forecast,  prepared  using  the  Inter-Fuel  Substitution  Demand 
(IFSD)  model  is  based  on  the  assumption  that  Texas  crude  oil 
prices  rise  from  U.S.  $15  per  barrel  in  1988  to  U.S.  $24  per 
barrel  in  2005  (both  in  1986  U.S.  dollars).3 

The  energy-related  carbon  dioxide  emissions  estimated  for  1988 
are  419  million  tonnes.4  This  means  that  the  target  for  2005, 
excluding  emissions  due  to  energy  production,  is  annual  carbon 
dioxide  emissions  of  336  million  tonnes.  The  projected  carbon 
dioxide  emissions  in  2005,  based  on  the  energy  forecast,  are 
627  million  tonnes. 


For  a  description  of  the  forecast  and  the  model  see 
"Long-Term  Energy  Outlook  1987-2005",  Energy  Market 
Analysis  Division,  Energy,  Mines  and  Resources  Canada, 
June  1988. 

Many  publications  dealing  with  carbon  dioxide  emissions 
express  the  emissions  in  terms  of  their  carbon  content. 
We  will  not  follow  that  practice.  The  quantities 
reported  in  this  study  are  carbon  dioxide.  To  convert; 
1  tonne  of  CO2  contains  0.2725  tonnes  of  carbon,  and 
emissions  with  a  carbon  content  of  1  tonne  are  equal  to 
3.67  tonnes  of  carbon  dioxide. 
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The  energy  demand  forecast  by  the  IFSD  model  for  2005  probably 
incorporates  some  improvement  in  energy  efficiency  in  the 
interim.   The  extent  of  the  energy  efficiency  gains  is  implicit 
in  the  model  and  can  not  be  estimated  easily.   To  adjust  for 
these  implicit  energy  efficiency  improvements,  the  carbon  dioxide 
emissions  reduction  target  is  expressed  as  a  range. 

Specifically,  carbon  dioxide  abatement  measures  yielding  a 
cumulative  emissions  reduction  of  291  to  342  million  tonnes  per 
year  must  be  implemented  to  meet  the  target. 

Analysis  of  Potential  CO2  Emission  Reductions 

The  analysis  of  the  potential  for  reducing  carbon  dioxide 
emissions  proceeds  through  three  stages: 

.  direct  reduction  of  carbon  dioxide  emissions  through 

conservation,  substitution  and  other  measures  that  affect 
fossil  fuel  use  in  the  residential,  commercial,  industrial 
and  transportation  sectors. 

.  indirect  reduction  of  carbon  dioxide  through  measures  that 
affect  the  use  of  electricity  in  the  residential, 
commercial,  industrial  and  transportation  sectors.   Reduced 
demand  for  electricity  lowers  the  use  of  fossil  fuel  used  to 
generate  electricity  and  so  lowers  carbon  dioxide  emissions. 

.  substitution  of  non-fossil  generation  for  fossil  fueled 
generation.   This  lowers  carbon  dioxide  emissions  by 
reducing  the  amount  of  fossil  fuel  used  to  generate 
electricity. 

The  carbon  dioxide  emission  reductions  that  can  be  achieved  by 
measures  in  each  of  these  categories  are  discussed  below. 

Penetration  of  CQ2  Abatement  Measures 

Carbon  dioxide  emissions  reductions  are  estimated  for  three 
levels  of  penetration  of  selected  measures.   Those  levels  of 
penetration  are: 

.  technical  potential; 

.  measures  economically  attractive  to  society  (MEAS) ;   and 

.  market  penetration. 

The  technical  potential  is  an  estimate  of  the  total  number  of 
installations  that  are  technically  possible  in  Canada  by  2005. 
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Measures  economically  attractive  to  society  are  those  that  yield 
a  net  economic  return  to  society.5  Conservation  measures  are 
attractive  if  the  value  of  the  energy  savings  exceeds  their  cost. 
Fuel  substitution  and  electricity  generation  measures  are 
economically  attractive  if  they  are  less  costly  than  the  best 
alternative.   Although  a  measure  may  be  economically  attractive, 
the  emission  reductions  are  sometimes  lower  than  the  technical 
potential  because  the  measure  may  not  be  attractive  for  all 
potential  applications. 

Estimated  market  penetration  is  the  fraction  of  the  technical 
potential  likely  to  be  achieved  with  no  new  policy  measures  to 
promote  adoption. 

Direct  CO3  Emission  Reductions 

Approximately  90  measures  to  reduce  carbon  dioxide  emissions  from 
the  use  of  fossil  fuels  in  the  residential,  multi-residential, 
commercial,  industrial  and  transportation  sectors  were  selected 
on  the  basis  of  their  cost-effectiveness  in  lowering  emissions. 

In  general,  the  measures  that  are  most  cost-effective  in  reducing 
carbon  dioxide  emissions  are  those  that  improve  the  efficiency  of 
energy  use.   Measures  that  substitute  other  fuels  for  fossil 
fuels,  alternative  transportation  fuels  for  example,  are  less 
cost-effective,  at  least  to  the  year  2005. 

The  reduction  in  emissions  that  can  be  achieved  by  the  selected 
measures  that  reduce  carbon  dioxide  emissions  directly  is  as 
follows: 


The  net  economic  return  is  calculated  as  the  net 
present  value  of  the  annual  energy  savings  valued  in 
terms  of  1995  energy  prices  (expressed  in  1988  dollars) 
less  the  initial  cost  of  the  measure.  A  real  social 
discount  rate  of  7  percent  is  used  to  calculate  the 
present  value  of  the  energy  savings. 
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Technical 
Measures  Potential 

Economically  as  a  Share  of 

Market     Attractive    Technical  2005  CO2  Emissions 
Penetration   to  Society    Potential   from  the  Sector 

(millions  of  tonnes  annually  by  2005) 


Residential 

3 

10 

20 

) 

Multi- 
Residential 

2 

4 

6 

) 
) 

45% 

Cnrnmercial 

4 

12 

25 

) 

Industrial 

4 

9 

40 

24% 

Transportation 

18 

68 

87 

49% 

TOTAL  31  103  177  39% 

A  recent  American  study  estimated  the  technical  potential  for 
reduction  of  carbon  dioxide  emissions  in  the  major  end  use 
sectors  to  be  virtually  identical  to  the  above  figures.6 

Measures  that  Affect  the  Demand  for  Electricity 

Over  50  measures  selected  affect  the  demand  for  electricity.   The 
effects  are  felt  in  one  of  three  ways: 

.  demand  side  management  measures  reduce  the  demand  for 
electricity; 

.  electrotechnologies  in  the  industrial  sector  substitute 

processes  that  use  electricity  for  ones  that  use  fossil  fuel 
and  so  increase  the  demand  for  electricity;   and 

.  cogeneration  or  by-product  electricity  increases  the  supply 
of  electricity. 


The  technical  potential  estimated  for  the  combined 
residential  and  commercial  sectors  was  50%.   The 
technical  potential  for  the  industrial  sector  was 
estimated  at  25%  and  for  the  transportation  sector  was 
estimated  at  50%. 
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The  net   impact   of  the  measures  that  affect  the  supply  of,    or 
demand  for,   electricity  is  as  follows: 

Technical 
Potential 

Economically  as  %  of 

Market  Attractive      Technical     Forecast  2005 

Penetration      to  Society      Potential     Demand  in  the  Sector 


46% 
25% 


(PJ  Annually  by  2005) 

Residential 

33 

86 

169 

) 

Multi- 

) 

Residential 

23 

71 

92 

) 

Commercial 

75 

247 

301 

) 

Industrial 

49 

308 

265 

Transport 

™ 

-24 

-24 

TOTAL        180  688         803  35% 

Reduction  in  OO2 

Baissions         20  76        88 

(millions  of  tonnes) 

The  industrial  sector  shows  larger  savings  under  MEAS  than  under 
technical  potential.   This  is  deceptive.   The  technical  potential 
includes  a  number  of  electrotechnologies  that  increase  the  demand 
for  electricity,  but  reduce  the  use  of  fossil  fuels.   This  is 
reflected  in  a  much  larger  direct  reduction  in  carbon  dioxide 
emissions  in  the  industrial  sector  under  technical  potential. 

The  forecast  growth  in  the  secondary  demand  for  electricity  to 
2005  is  794  PJ.   The  savings  estimated  to  be  possible  under  the 
technical  potential  are  slightly  larger  than  this  growth  in 
demand.   The  MEAS  and  market  penetration  scenarios  both  show 
growth  in  the  demand  for  electricity  and  hence  a  requirements  for 
new  generation  capacity. 

The  estimated  potential  for  demand-side  management  measures  is 
consistent  with  a  recent  New  York  study.7 

The  reduction  in  carbon  dioxide  emissions  that  can  be  achieved 
through  more  efficient  use  of  electricity  is  estimated  by 
assuming  that  the  expansion  of  electrical  generation  capacity 
forecast  by  the  IFSD  model  is  cut  back  proportionately  for  each 
fuel  type.   The  carbon  dioxide  emissions  reduction  is  then 
estimated  from  the  change  in  the  generation  capacity.   The 


The  study  estimated  the  potential  for  conservation  at 
approximately  34%  of  current  demand  in  the  residential 
sector,  50%  in  the  commercial  sector,  22%  in  the 
industrial  sector  and  38%  overall. 


reduction  in  emissions  ranges  from  20  to  88  million  tonnes  of 
carbon  dioxide  per  year. 

Substitution  for  Fossil  Fueled  Generation 

The  IFSD  forecasts  an  expansion  of  non-fossil  fueled  — 
hydroelectric  and  nuclear  —  generation  between  1988  and  2005. 
As  a  result  of  the  lower  demand  for  electricity  achieved  through 
the  demand-side  management  measures  much  of  that  additional 
capacity  is  not  needed.   This  non-fossil  generation  capacity 
could  be  built  and  substituted  for  new  and  existing  fossil  fueled 
generation.   Other  non-fossil  generation  technologies  expected  to 
be  viable  by  2005,  such  as  photovoltaic,  wind,  tidal,  geothermal 
and  fuel  cells,  can  be  included  in  this  process. 

The  non-fossil  generation  forecast  by  the  IFSD  model  to  be 
available  by  2005  and  no  longer  needed  to  meet  the  growth  in 
demand  for  electricity  is  more  than  enough  to  completely  displace 
all  fossil  fueled  generation  under  both  the  KEAS  and  technical 
potential  scenarios.   The  new  generation  technologies  are  not 
needed  for  this  purpose. 

The  reductions  in  carbon  dioxide  emissions  that  can  be  achieved 
by  substituting  for  fossil  fueled  generation  are  assumed  to  be 
nil  under  the  market  penetration  scenario.   Under  the  MEAS 
penetration  scenario  the  carbon  dioxide  emission  reductions  are 
42  million  tonnes  per  year. 

The  technical  potential  scenario  indicates  potential  carbon 
dioxide  emissions  reductions  of  85  million  tonnes  per  year.   This 
last  scenario  requires  replacement  of  all  existing  thermal 
generation  capacity  by  2005.   That  is  estimated  to  have  a  net 
social  cost  of  $15  billion  although  this  would  be  partially 
offset  by  savings  on  measures  to  control  emissions  that 
contribute  to  acid  rain. 

Snwrm«rv  of  Carbon  Dioxide  Reduction  Potential 

The  estimates  of  carbon  dioxide  reduction  potential  can  be 
summarized  as  follows: 
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Measures 
Economically 
Market      Attractive    Technical 
Penetration    to  Society    Potential 

(millions  of  tonnes  annually  by  2005) 
Savings  due  to  energy 
efficiency  measures  31  103         177 

Savings  due  to  electricity 

demand-side  management 

measures  20  76  88 

Savings  due  to 

replacement  of  existing 

and  future  fossil-fired 

electricity  generation 

with  non-fossil  generation    NIL  42  85 


Total  Reduction  51  221         350 

The  Toronto  Climate  Conference  target  requires  a  reduction  of 
carbon  dioxide  emissions  of  291  to  342  million  tonnes  per  year. 
The  technical  potential  exceeds  that  target  regardless  of  the 
specific  value  chosen.   The  measures  economically  attractive  to 
society  achieve  roughly  65  to  75  percent  of  the  target.   The 
market  penetration  achieves  less  than  15  percent  of  the  target. 

The  finding  that  energy  conservation  measures  offer  the  greatest 
potential  for  reduction  of  carbon  dioxide  emissions  over  the 
period  to  2005  is  consistent  with  U.S.  findings.8 


J. A.  Edmonds,  W.B.  Ashton,  H.C.  Cheng  and  M.  Steinberg, 
HA  Preliminary  Analysis  of  U.S.  C02  Emissions  Reduction 
Potential  from  Energy  Conservation  and  the  Substitution 
of  Natural  Gas  for  Coal  in  the  Period  to  2010",  U.S. 
Department  of  Energy,  February  1989.   The  study 
concludes  that  larger  contributions  to  C02  emissions 
reduction  appear  to  be  available  through  energy 
conservation  than  through  substitution  of  natural  gas 
for  coal.   Our  results  indicate  that  conservation 
measures  (including  conservation  of  electricity) 
accounts  for  roughly  75%  of  the  total  C02  emissions 
reduction.   The  relative  magnitudes  of  the  reductions 
due  to  conservation  and  substitution  are  consistent 
with  the  above  study. 
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Interpretation  of  the  Results 

The  results  can  be  interpreted  in  two  ways.   Using  technical 
potential  as  an  example,  energy  efficiency  measures  covering 
fossil  fuels  and  electricity  generate  about  75  percent  of  the 
total  reduction  in  carbon  dioxide  emissions.   The  remaining 
25  percent  comes  from  fuel  substitution  in  the  electrical 
generation  sector. 

The  second  perspective  is  that  of  the  electric  utilities.   They 
account  for  roughly  half  the  total  reduction  in  carbon  dioxide 
emissions  through  promoting  more  efficient  use  of  electricity  and 
shifting  to  non-fossil  generation.   The  emissions  reductions  in 
all  other  sectors  combined  equal  those  of  the  electric  utilities. 

The  selected  measures  produce  the  greatest  proportional  reduction 
in  emissions  from  electricity  generation.   The  smallest 
proportional  reduction  occurs  in  the  industrial  sector.   The 
pattern  for  the  industrial  sector  is  consistent  with  other 
studies  which  estimate  relatively  smaller  potential  for  energy 
conservation  and  demand  side  management  measures  in  that  sector. 
It  may  also  be  partially  due  to  the  difficulties  of  obtaining  a 
comprehensive  picture  of  energy  use  in  this  very  diverse  sector. 

These  results  reflect  the  selection  of  the  most  cost-effective 
abatement  measures.   Higher  cost  and/or  less  effective  abatement 
measures  are  available  and  could  be  substituted  for  some  of  the 
measures  selected.   The  higher  cost/less  effective  measures  may 
be  preferred  to  the  selected  measures  when  all  social  objectives, 
rather  than  carbon  dioxide  abatement  alone,  and  their  economic 
impacts  are  considered. 

Costs  of  Carbon  Dioxide  Emission  Reductions 

Most  of  the  measures  that  reduce  emissions  of  carbon  dioxide  also 
save  energy.   In  many  of  these  cases,  the  value  of  the  energy 
saved  over  the  life  of  the  measure  exceeds  the  initial  investment 
required.   As  a  result,  the  net  cost  of  most  of  the  measures  is 
negative;  that  is  they  produce  a  net  benefit.   Most  of  the 
measures  selected  reduce  carbon  dioxide  emissions,  save  energy 
and  save  money. 

The  total  "cost"  associated  with  the  carbon  dioxide  emission 
reduction  measures  in  each  penetration  scenario  is  as  follows: 
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Measures 
Economically 
Market  Attractive       Technical 

Penetration         to  Society       Potential 

(billions  of  1988  dollars) 

-$42  -$150  -$99 

Implementing  the  measures  economically  attractive  to  society 
yields  a  net  benefit  of  $150  billion  dollars  on  the  basis  of 
energy  savings  alone.   The  technical  potential  scenario  achieves 
larger  carbon  dioxide  emissions  reductions  by  including  some 
measures  that  are  not  economically  attractive  to  society.   As  a 
result  the  total  net  benefits,  at  $99  billion,  are  somewhat 
smaller  than  under  MZAS .   However,  it  is  important  to  recognize 
that  the  technical  potential  scenario  still  yields  a  significant 
net  benefit  to  society. 

These  economic  benefits  cannot  be  achieved  without  significant 
investment.   The  incremental  capital  investments  required  are 
estimated  as  follows: 

Measures 

Economically 
Market  Attractive       Technical 

Penetration         to  Society       Potential 

(billions  of  1988  dollars) 

$23  $74  $128 

Impacts  on  Other  Atmospheric  Greenhouse  Gases 

Combustion  of  fossil  fuel  discharges  small  quantities  of  methane 
and  nitrous  oxide  into  the  atmosphere.   Emission  factors  are  not 
available  for  nitrous  oxide.   The  reductions  in  methane  emissions 
achieved  through  implementation  of  the  carbon  dioxide  abatement 
measures  are  estimated  and  expressed  as  carbon  dioxide 
equivalent.   The  effect  of  the  combustion-related  methane 
emission  reductions  is  equivalent  to  less  than  0.10  percent  of 
the  carbon  dioxide  reductions. 

Combustion  of  fossil  fuels  also  releases  nitrogen  oxides  (N0X) 
into  the  atmosphere.   There  is  a  consensus  that  N0X  plays  a 
pivotal  role  in  the  formation  of  ozone  in  the  troposphere.   The 
carbon  dioxide  abatement  measures  reduce  N0X  emissions  and  so 
reduce  ozone  concentrations. 
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Assuming  that  the  estimated  changes  in  N0X  emissions  occur  on  a 
global  basis,  the  tropospheric  ozone  concentrations  will  change 
from  the  current  20  to  100  ppbv  as  follows: 

Measures 
Economically 
Market       Attractive     Technical 
Penetration    to  Society     Potential 

Reduction  in  1988 

concentration  of 

tropospheric  ozone    27-134         19-94  14-68 

(parts  per  billion/ 

volume) 

To  express  the  change  in  tropospheric  ozone  concentration  in 
terms  of  an  equivalent  reduction  in  carbon  dioxide  emissions 
requires  complex  climate  modelling  which  is  beyond  the  scope  of 
this  project. 

Regional  Impacts  of  CO2  Reduction 

Significant  variations  in  the  use  of  fossil  fuels  are  found 
across  Canada.   These  are  due  to  weather  conditions,  availa- 
bility of  fuels,  nature  of  the  energy  using  equipment  and  other 
factors.   These  differences  should  be  reflected  in  regional 
analyses,  but  detailed  regional  analyses  were  beyond  the  scope  of 
this  study. 

Regional  impacts  are  examined  by  assuming  that  each  region  is 
responsible  for  its  share  of  the  national  emission  reduction 
target  based  on  its  estimated  1988  carbon  dioxide  emissions. 
Other  approches  to  apportioning  the  national  carbon  dioxide 
abatement  target  are  possible.   For  example,  apportioning  the 
national  target  across  sectors  and  then  calculating  the  regional 
share  of  each  sectoral  target  could  produce  significantly 
different  regional  targets. 

Each  region  is  assumed  to  achieve  the  national  average  reduction 
in  direct  emissions  from  each  end-use  sector.   And  the  net 
electricity  savings  in  each  end-use  sector  are  assumed  to  equal 
the  national  average.   The  regional  impacts  are  then  assessed 
terms  of  the  consequences  for  electricity  generation. 

Electricity  Generation  Impacts  bv  Region 

Under  the  technical  potential  assumptions,  the  demand  for 
electricity  is  lower  in  2005  than  in  1988  in  all  regions  except 
Ontario. 

Quebec  is  unable  to  achieve  its  carbon  dioxide  emissions 
reduction  target  in  the  manner  outlined  because  it  has  very 
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little  fossil  fueled  generation.   Quebec  would  have  to  substitute 
non-fossil  electricity  for  fossil  fuels  in  the  residential, 
commercial  and  industrial  sectors  to  achieve  its  emissions 
reductions  target. 

Alberta  and  Saskatchewan  are  unable  to  meet  their  shares  of  the 
carbon  dioxide  emissions  reduction  in  the  manner  outlined  because 
they  do  not  have  enough  non-fossil  generation.   Continued  use  of 
coal  to  generate  the  required  electricity  would  exceed  their 
emissions  targets.   However,  conversion  of  existing  generation 
capacity  from  conventional  to  combined  cycle  coal  and/or  natural 
gas  would  enable  Alberta  and  Saskatchewan  to  meet  their  targets. 
There  may  also  be  opportunities  to  reduce  carbon  dioxide 
emissions  in  the  production  of  fossil  fuels  or  their  use  as 
feedstocks,  which  were  beyond  the  scope  of  this  study. 

The  Atlantic,  Ontario,  Manitoba  and  British  Columbia  regions 
should  be  able  to  achieve  their  carbon  dioxide  emission  reduction 
targets  in  the  manner  outlined. 

These  impacts  reflect  regional  implementation  of  the  measures 
that  are  estimated  to  be  the  most  cost-effective  on  a  national 
basis.   Regional  carbon  dioxide  abatement  targets  can  be 
established  using  different  rules.   And  a  region  may  choose  to 
substitute  less  cost-effective  abatement  measures  for  selected 
measures  after  consideration  of  other  social  objectives.   As  a 
result  regional  carbon  dioxide  abatement  strategies  could  be  very 
different  from  a  strategy  based  upon  measures  assessed  on  a 
national  basis. 

Beyond  2005 

The  most  cost-effective  strategy  for  the  period  to  2005  relies 
heavily  on  improved  energy  efficiency  and  substitution  of  non- 
fossil  generation.   The  scope  for  continued  improvements  in 
energy  efficiency  will  be  smaller  after  2005  because  of  the 
measures  implemented  in  the  interim. 

After  2005  reductions  in  carbon  dioxide  emissions  are  likely  to 
require  greater  reliance  on  displacement  of  fossil  fuels  in  the 
end  use  sectors  by  non-fossil  electricity.   Research  and 
development  of  non-fossil  generation  technologies  is  needed  over 
the  next  15  years  to  enhance  the  prospect  of  their  becoming 
commercially  available  in  the  future. 

Chlorofluorocarbons  and  Climate  Warming 

Chlorofluorocarbons  (CFCs)  contribute  to  climate  warming  in  two 
ways: 

.  CFCs  destroy  stratospheric  ozone  which  inhibits  climate 
warming  ;   and 
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.  CFCs  contribute  directly  to  climate  warming. 

Molecule  for  molecule,  the  effect  of  CFCs  on  climate  warming  is 
about  10,000  times  more  powerful  than  that  of  carbon  dioxide. 

Uses  and  Properties  of  CFCs 

CFCs  are  used  as  propel! ants  in  aerosols,  in  the  manufacture  of 
foams,  refrigerants  in  air  conditioners  and  refrigerators  and  as 
cleaning  solvents.   Halons,  compounds  related  to  CFCs,  are  used 
in  fire  extinguishes. 

CFCs  and  halons  are  useful  in  these  applications  because  they  are 
versatile,  non-toxic,  non-flammable  and  have  low  thermal 
conductivity.   They  replaced  more  environmentally  hazardous 
chemicals  that  were  cancerous  and/or  flammable. 

Data  on  the  annual  use  of  CFCs  and  halons  are  available.   But 
emissions  may  not  occur  for  many  years  after  use,  when  the  air 
conditioner,  refrigerator,  or  fire  extinguisher  is  taken  out  of 
service  or  the  foam  is  crushed.   CFCs  and  halons  that  have  been 
used  in  such  applications  but  not  yet  released  to  the  atmosphere 
are  said  to  be  "banked". 

Reduction  of  CFC  Use 

Efforts  to  control  CFC  emissions  have  been  directed  primarily  at 
reducing  the  use,  and  ultimately  emissions,  of  these  compounds. 
A  second  area  of  interest  is  reducing  the  "bank"  of  halons  and 
CFCs,  although  that  often  requires  that  a  suitable  substitute  be 
found  first. 

Fortunately,  substitutes  or  alternatives  are  available,  or  are 
expected  to  become  available  over  the  next  5  to  8  years,  for  most 
uses  of  CFCs  and  halons.   Overall  it  is  estimated  that  use  of 
CFCs  and  halons  can  be  reduced  by  85  percent  from  current  levels 
by  2000. 

Measures  to  recover  and  destroy  CFCs  and  halons  that  are  now 
"banked"  before  they  are  released  to  the  environment  still  need 
to  be  developed. 

Plans  to  Reduce  CFC  Use 

An  international  agreement,  the  Montreal  Protocol,  to  limit 
emissions  of  CFCs  and  halons  has  been  signed  by  4  6  countries 
including  Canada.   It  will  reduce  CFC  consumption  to  50  percent 
of  1986  levels  by  1999. 

Since  the  Montreal  Protocol  was  drafted,  scientific  opinion  has 
concluded  that  further  reductions  are  needed.   In  recognition  of 
this  new  consensus,  Canada,  Ontario  and  British  Columbia  have 
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announced  their  intention  to  reduce  CFC  use  by  85  percent  before 
2000  and  to  eliminate  all  use  as  soon  as  safe  substitutes  are 
available. 

Eventual  elimination  of  these  chemicals  appears  to  be  technically 
and  economically  achievable.   Industry  has  indicated  that  it  is 
prepared  to  cooperate  in  the  achievement  of  that  target.   The 
main  need  is  fair  and  reasonable  regulation  governing  the  reduced 
use  of  CFCs  and  halons. 

Due  to  the  uncertainty  regarding  the  timing  of  CFC  emissions  and 
the  very  long  life  of  CFCs  in  the  atmosphere,  it  is  not  possible 
to  establish  an  equivalence  with  carbon  dioxide  except  through 
long  term  climate  modelling. 

Sources  of  Fugitive  Methane  Emissions 

Fugitive  methane  emissions  can  be  economically  captured  from: 

.  petroleum  and  natural  gas  production; 

.  coal  mines; 

.  land  fills; 

.  municipal  wastewater  treatment;   and 

.  animal  manures. 

The  estimated  annual  emissions  of  fugitive  methane  and  the 
fraction  of  those  emissions  judged  to  be  economically  recoverable 
is  as  follows: 


Source 

Estimated 

Annual 

Emissions  of 

Methane 

(millions  of  m3) 

Fraction 

Estimated 

to  be 

Economically 

Recoverable 

Potential 
Reduction 

of  Fugitive 
Emissions 

(1,000  tonnes) 

Carbon 

Dioxide 
Equivalence 
(millions  of 

tonnes) 

coal  mines 

500 

0.5 

180 

10 

petroleum 
industry 

2,000 

0.1 

140 

8 

land  fills 

1,600 

0.5 

570 

31 

Capture  of 

Fugitive  Methane  Emissions 

Fugitive  emissions  in  the  petroleum  industry  are  already 
carefully  scrutinized.   Due  to  the  size  of  the  industry,  the 
emissions  are  still  significant.   But  the  potential  for  economic 
recovery  is  low. 
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Fugitive  methane  emissions  can  be  recovered  from  underground  coal 
mines»   And  it  can  be  recovered  from  open  pit  coal  mines  before 
they  are  developed.   A  significant  reduction  in  emissions  could 
be  achieved  economically.   Current  efforts  to  reduce  methane 
emissions  from  coal  mines  are  negligible. 

Land  fills  are  the  largest  of  the  fugitive  methane  emission 
sources  considered.   Recovery  and  use  can  be  economic  for  large 
land  fills.   Little  recovery  is  currently  practiced. 

Anaerobic  digestion  of  municipal  wastewater  and  animal  manures 
produces  methane  that  can  be  economically  recovered.   Data  on  the 
potential  for  these  applications  are  not  available.   Some  western 
Canadian  wastewater  treatment  plants  capture  methane  and  use  it 
to  generate  electricity. 

Conclusions 

Chlorof luorocarbons .   To  date  most  efforts  directed  at  reducing 
the  greenhouse  effect  have  focussed  on  CFCs.   An  international 
agreement,  the  Montreal  Protocol,  to  reduce  their  use  has  been 
adopted  by  4  6  countries. 

Canada  plans  to  exceed  the  provisions  of  the  Protocol  by  reducing 
CFC  use  by  85  percent  before  2000  and  eliminating  all  use  as  soon 
as  safe  substitutes  are  available.   This  appears  to  be 
technically  and  economically  achievable. 

The  main  area  yet  to  be  addressed  is  the  recovery  and  destruction 
of  "banked"  CFCs  and  halons  before  they  are  released  to  the 
environment. 

Carbon  Dioxide.   Carbon  dioxide  is  the  largest  single  contributor 
to  the  greenhouse  effect.   Our  analysis  of  the  most  cost- 
effective  measures  to  reduce  carbon  dioxide  emissions  due  to 
fossil  fuel  combustion,  the  principal  man  made  source,  indicates 
that: 

.  The  Toronto  Climate  Conference  target  can  be  achieved,  but 
only  by  doing  virtually  everything  that  is  technically 
feasible  to  reduce  carbon  dioxide  emissions. 

.  Implementing  the  measures  needed  to  achieve  the  Toronto 
Climate  Conference  target  also  saves  energy  and  yields 
economic  benefits  to  society.   Hence,  neither  excessive  cost 
nor  lack  of  proof  that  carbon  dioxide  contributes  to  climate 
warming  is  a  valid  excuse  for  inaction. 

.  Strong  policy  measures  will  be  needed  to  achieve  the  Toronto 
Climate  Conference  target.   Despite  the  fact  that  the 
measures  are  economically  attractive  to  society,  existing 
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policies  (market  penetration)  yield  only  a  small  reduction 
in  carbon  dioxide  emissions. 

.  Improved  energy  efficiency  is  generally  the  most  cost- 
effective  means  of  lowering  carbon  dioxide  emissions.   Such 
measures  can  achieve  up  to  75  percent  of  the  target 
reduction  by  2005. 

.  Substitution  of  non-fossil  generation  for  fossil  fueled 
generation  of  electricity  accounts  for  the  balance  of  the 
reduction  in  carbon  dioxide  emissions  by  2005.   To  achieve 
the  Toronto  Climate  Conference  target  almost  all  existing 
fossil  fueled  generation  would  need  to  be  replaced. 

The  foregoing  results  are  derived  from  selection  of  the  carbon 
dioxide  abatement  measures  that  are  most  cost-ef f fective  at  the 
national  level.   Higher  cost  and/or  less  effective  abatement 
measures  are  available  and  may  be  preferred  when  all  social 
objectives  are  considered. 

Application  of  the  cost-effective  national  strategy  on  a  regional 
basis  indicates  that  Quebec,  Saskatchewan  and  Alberta  would 
experience  the  greatest  difficulties  meeting  20  per  cent  carbon 
dioxide  reduction  targets.   Alternative  procedures  to  apportion 
the  national  carbon  dioxide  abatement  target  and  possible 
substitution  of  less  cost-effective  measures  could  give  rise  to 
different  regional  abatement  strategies. 

Fugitive  Methane.   Measures  to  capture  and  use  fugitive  methane 
are  technically  and  economically  feasible  in  many  situations. 
The  equivalent  carbon  dioxide  abatement  potential  is 
approximately  10  to  15  percent  of  that  of  the  carbon  dioxide 
measures.   The  principal  need  is  for  regulations  or  incentives  to 
encourage  collection  and  use  of  the  methane  and  to  create  markets 
for  the  gas  and/or  electricity  produced. 
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the  Toronto  Climate  Conference  target  almost  all  existing 
fossil  fueled  generation  would  need  to  be  replaced. 

.  Significant  regional  differences  are  found  in  the  ability  to 
meet  the  Toronto  Climate  Conference  target.   It  appears  that 
Quebec,  Saskatchewan  and  Alberta  would  experience  the 
greatest  difficulties  meeting  their  carbon  dioxide  reduction 
targets.   More  detailed  regional  analyses  are  needed  to 
confirm  this  finding. 

Fugitive  Methane.   Measures  to  capture  and  use  fugitive  methane 
are  technically  and  economically  feasible  in  many  situations. 
The  equivalent  carbon  dioxide  abatement  potential  is 
approximately  10  to  15  percent  of  that  of  the  carbon  dioxide 
measures.   The  principal  need  is  for  regulations  or  incentives  to 
encourage  collection  and  use  of  the  methane  and  to  create  markets 
for  the  gas  and/or  electricity  produced. 
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1.0   INTRODUCTION 


1 . 1   Background 

An  international  conference  on  "The  Changing  Atmosphere: 
Implications  for  Global  Security"  held  in  Toronto  in  June  1988 
focused  attention  on  atmospheric  risks  associated  with  emissions 
from  fossil  fuel  combustion.   The  Conference's  final  statement 
made  specific  recommendations  for  government  action. 

To  address  these  issues,  the  Council  of  Provincial  Energy 
Ministers  (CPEM)  agreed  in  August,  1988  to  form  a  Task  Force  on 
Energy  and  the  Environment.   The  Task  Force  was  instructed  to 
examine  the  options  available  to  reduce  carbon  dioxide  levels  in 
Canada  and  the  impacts  of  those  options. 

Specifically,  the  objectives  of  the  Task  Force  are  to: 

1.  Review  the  energy-related  recommendations  of  the  "Changing 
Atmosphere"  conference,  particularly  the  recommendation  for 
a  global  reduction  in  carbon  dioxide  emissions  of  20  percent 
of  1988  levels  by  the  year  2005. 

2.  Assess  the  implications  of  these  recommendations  for  Canada. 

3 .  Evaluate  the  costs  and  benefits  of  options  for  responding  to 
the  recommendations. 

4.  Examine  the  consequences  of  these  options  for  energy  policy 
and  planning. 

5.  Make  recommendations  for  action  by  governments. 

As  a  contribution  to  the  work  of  the  Task  Force,  a  study  on 
options  for  the  reduction  of  energy-related  atmospheric 


greenhouse  gas  emissions  in  Canada  was  commissioned.   This  is  the 
report  on  that  study. 

1.2  Study  Objectives 

The  objectives  of  this  study  are  to; 

.  determine  the  least-cost  techniques  for  effecting  a  20 
percent  reduction  in  carbon  dioxide  emissions  in  Canada  by 
2  005; 

.  examine  possible  least-cost  techniques  for  appropriate 
reductions  in  other  greenhouse  gases;   and 

.  identify  and  discuss  other  cost-effective  techniques  which 
require  an  implementation  timeframe  beyond  2005. 

1.3  Scope 

This  study  provides  a  technical  analysis  of  measures  capable  of 
reducing  emissions  of  carbon  dioxide  and  other  greenhouse  gases. 
It  is  the  first  step  in  the  analysis  of  a  large  and  complex 
topic.   As  such,  it  provides  a  quick  overview  of  the  subject, 
highlighting  areas  where  further  work  is  needed. 

The  study  is  national  in  scope.   Regional  impacts  and  benefits 
are  noted,  and  discussed  where  appropriate,  but  they  are  not  the 
primary  focus  of  the  analysis. 

The  timeframe  for  the  analysis  is  the  period  to  2005.   Cost- 
effective  techniques  to  reduce  emissions  of  carbon  dioxide  and 
other  atmospheric  greenhouse  gases  that  involve  implementation 
after  2005  are  discussed,  but  are  not  central  to  the  analysis. 


The  greenhouse  gases  covered  by  the  study  are  carbon  dioxide, 
carbon  monoxide,  nitrous  oxide,  chlorofluorocarbons  (CFCs) , 
methane  and  tropospheric  ozone.1  To  analyse  the  effects  of 
proposed  abatement  techniques  on  tropospheric  ozone,  it  is 
necessary  to  consider  as  well  nitrogen  oxides  (N0X)  and  non 
methane  volatile  organic  compounds  (VOCs) . 

The  study  is  a  technical  analysis  of  potential  measures  to  reduce 
greenhouse  gas  emissions.   Policies  to  encourage  implementation 
of  any  of  the  measures  are  beyond  its  scope.   Analysis  of  the 
effects  of  reduced  emissions  on  climate  change  also  is  outside 
the  scope  of  the  project. 

Due  to  time  limitations  the  analysis  was  limited  to  a  review  and 
analysis  of  available  information.   No  original  research  was 
undertaken. 

1.4   Reliability  of  the  Results 

An  analysis  of  this  type  is  inherently  uncertain.   It  relies  on 
forecasts  of  energy  prices  and  demand,  of  technological 
development,  of  the  costs  and  performance  of  existing  and  new 
technologies,  and  a  host  of  other  factors  subject  to  varying 
degrees  of  uncertainty.   It  also  draws  on  numerous  data  sources 
of  varying  accuracy. 

The  inherent  uncertainty  of  the  data  means  that  caution  should  be 
exercised  in  interpreting  the  results  relating  to  any  specific 
measure  or  in  attempting  to  apply  the  results  to  an  individual 
province.   However,  the  uncertainty  relating  to  specific  measures 
does  not  weaken  the  overall  results. 


Carbon  monoxide  (CO)  and  nitrogen  oxides  (N0X)  are  not 
themselves  greenhouse  gases,  but  they  can 
significantly  alter  the  chemistry  of  the  atmosphere  and 
so  affect  the  concentrations  of  greenhouse  gases. 


This  study  provides  the  most  detailed  analysis  of  specific 
atmospheric  greenhouse  gas  emission  abatement  measures  of  any 
study  yet  completed  in  Canada.   In  aggregate  its  findings  are 
consistent  with  those  of  less  detailed  studies.   This  consistency 
with  the  findings  of  independent  researchers  provides  a 
considerable  level  of  confidence  in  the  results. 

1 . 5  Background 

1.5.1   Estimated  Contributions  to  the  Greenhouse  Effect 

The  World  Resources  Institute  estimates  the  man  made 
contributions  to  the  greenhouse  effect  to  be  as  follows:2 

.  carbon  dioxide  49% 

.  methane  18% 

.  chlorofluorocarbons  14% 

.  nitrous  oxide  6% 

.  other  gases  13% 

The  contribution  of  a  particular  gas  to  the  greenhouse  effect 
reflects  its  potency  in  reradiating  infrared  heat  and  the  amount 
of  the  gas  in  the  atmosphere.   Current  emissions  have  only  a 
small  impact  on  the  amount  of  a  gas  in  the  atmosphere  because 
the  gases  have  radiatively  active  lives  ranging  from  decades  to 
centuries. 


World  Resources  Institute  as  reported  in  The  Economist, 
March  11,  1989,  page  87. 


5 
1.5.2   Sources  of  Atmospheric  Greenhouse  Gas  Emissions  Analysed 

This  study  examines  ways  to  reduce  emissions  from  the  principal 
man  made  sources  of  carbon  dioxide,  chlorofluorocarbons  and 
methane. 

The  dominant  man  made  source  of  carbon  dioxide  is  the  combustion 
of  fossil  fuels;   coal,  petroleum  products  and  natural  gas.   This 
study  focuses  on  ways  to  reduce  carbon  dioxide  emissions  from  the 
principal  fossil  fuel  uses  in  Canada.   These  uses  include: 

.  space  and  water  heating  in  the  residential  and  commercial 

sectors  ; 
.  industrial  use  of  oil,  natural  gas  and  coal  for  energy; 
.  transportation  fuels;   and 

.  generation  of  electricity  from  coal,  oil  and  natural  gas. 
Feedstocks  and  other  non-energy  uses  are  not  addressed. 

Combustion  of  fossil  fuels  also  causes  emissions  of  methane  and 
nitrogen  oxides.   The  impact  of  measures  to  reduce  carbon  dioxide 
emissions  on  emissions  of  these  gases  is  also  addressed.   The 
change  in  nitrogen  oxides  emissions  is  translated  into  a  change 
in  tropospheric  ozone  concentration. 

Chlorofluorocarbons  are  used  in  the  manufacture,  testing, 
maintenance  and  operation  of  a  range  of  products.   This  study 
reviews  the  uses  of  CFCs,  their  possible  substitutes,  and  the 
status  of  national  and  international  efforts  to  reduce  CFC 
emissions. 

Methane  emissions  are  predominantly  from  natural  sources.   The 
largest  man  made  sources  are  fugitive  emissions  from  land  fills, 
coal  mines,  the  petroleum  industry  and  similar  sources.   This 
study  examines  ways  to  reduce  fugitive  emissions  from  those 
sources. 


1.5.3   Sources  of  Carbon  Dioxide  Emissions  due  to  Energy 
Combustion 

Carbon  dioxide  emissions  from  energy  combustion  in  Canada,  the 
largest  source  of  man  made  emissions,  amounted  to  almost 
400  million  tonnes  in  1987. 3   Carbon  dioxide  dominates  the  energy 
combustion  related  emissions,  as  shown  in  Exhibit  1.1,  accounting 
for  over  98  percent  of  total  emissions  by  weight. 

Coal,  natural  gas  and  petroleum  products  are  all  major  sources  of 
carbon  dioxide  emissions.4   Comparing  the  energy  use  and  carbon 
dioxide  emissions  by  fuel  type  indicates  that  coal  is  the  most 
carbonaceous,  followed  by  petroleum  products  and  natural  gas. 

On  a  sectoral  basis,  transportation  and  industry  are  the  dominant 
sources  of  carbon  dioxide  emissions,  each  accounting  about  3  0  per 
cent  of  the  total.   Electricity  generation  accounts  for  just  over 


Many  publications  dealing  with  carbon  dioxide  emissions 
express  the  emissions  in  terms  of  their  carbon  content. 
We  will  not  follow  that  practice.  The  quantities 
reported  in  this  study  are  carbon  dioxide.  To  convert; 
1  tonne  of  C02  contains  0.2725  tonnes  of  carbon,  and 
emissions  with  a  carbon  content  of  1  tonne  are  equal  to 
3.67  tonnes  of  carbon  dioxide. 

Wood  and  other  biomass  energy  sources  are  usually 
excluded  from  analyses  of  carbon  dioxide  emissions  in 
developed  countries.   They  account  for  only  a  small 
fraction  of  total  energy  use  and  the  data  are  often 
less  reliable  than  those  for  other  energy  sources.   But 
the  more  fundamental  reason  for  excluding  them  is  the 
difficulty  of  determining  the  net  contribution  to 
carbon  dioxide  emissions.   Trees  absorb  carbon  dioxide 
from  the  atmosphere  while  growing.   An  equal  amount  of 
carbon  dioxide  is  released  to  the  atmosphere  when  the 
wood  decays  or  is  burned.   Hence,  burning  wood  has  no 
net  effect  on  total  emissions,  but  it  does  affect  the 
timing  of  the  emissions.   If  trees  harvested  for  fuel 
are  replaced  more  quickly  than  trees  that  decay 
naturally,  the  effects  on  the  timing  of  emissions  may 
also  be  offset. 
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20  per  cent  of  carbon  dioxide  emissions  while  the  residential 
and  commercial  sectors  combined  account  for  roughly  2  0  per  cent 
of  the  total. 

1.5.4  Trends  in  Carbon  Dioxide  Emissions 

The  pattern  of  carbon  dioxide  emissions  due  to  energy  combustion 
in  Canada  since  1950  is  shown  in  Exhibit  1.2.  While  the  data  in 
the  exhibit  do  not  correspond  exactly  with  those  in  Exhibit  1.1, 
it  is  the  pattern  that  is  of  interest.  Carbon  dioxide  emissions 
rose  from  345  million  tonnes  in  1975  to  about  380  million  tonnes 
in  1979  before  falling  back  to  350  million  tonnes  in  1983. 
Between  1983  and  1986  carbon  dioxide  emissions  ranged  between  345 
and  360  million  tonnes  per  year. 

The  recent  trend  in  carbon  dioxide  emissions  might  suggest  that 
the  problem  is  under  control  and  no  further  action  is  needed. 
But  the  recent  pattern  reflects  the  oil  price  shocks  of  1973-74 
and  1979-80,  the  severe  recession  of  1982  as  well  as 
improvements  in  energy  efficiency  and  increased  use  of 
alternative  energy  sources.   All  of  these  developments  reduced 
the  use  of  energy  and  consequently  lowered  carbon  dioxide 
emissions. 

The  recent  decline  in  carbon  dioxide  emissions  is  not  forecast  to 
continue.  The  most  recent  national  energy  supply/demand  forecast 
prepared  by  the  Department  of  Energy,  Mines  and  Resources  implies 
a  sharp  increase  in  carbon  dioxide  emissions  as  shown  below.5 


For  a  description  of  the  forecast  see  "Long-Term  Energy 
Outlook  1987-2005",  Energy  Market  Analysis  Division, 
Energy,  Mines  and  Resources  Canada,  June  1988.   The 
forecast  used  in  this  study  is  based  on  the  assumption 
that  Texas  crude  oil  prices  rise  from  U.S.  $15  per 
barrel  in  1988  to  U.S. $24  per  barrel  in  2005  (both  in 
1986  U.S.  dollars) . 


EXHIBIT  1.2:    PRODUCTION  OF  CARBON  DIOXIDE  IN  CANADA 


400 


C02  (Millions 
of  tonnes) 


1950       1955       1960       1965       1970       1975       1980       1985 

Year 


Gases 


Fuel  State 
Liquids 


Solids 


1988-2005 

1988 

2005 

Growth 

53 

61 

15% 

32 

49 

53% 

121 

163 

35% 

128 

180 

40% 

85 

174 

104% 
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PROJECTED  CARBON  DIOXIDE  EMISSIONS 
(Millions  of  Tonnes  of  C02  Annually) 


Residential  Sector 
Commercial  Sector 
Industrial  Sector 
Transportation  Sector 
Electricity  Generation 

TOTAL  419         627        50% 

The  energy  forecast  implies  that  carbon  dioxide  emissions  could 
increase  by  50  percent  by  2  005.   This  reflects  projected  growth 
of  the  economy  and  a  corresponding  increase  in  the  demand  for 
energy  of  all  types. 

1 . 6  Approach 

The  study  is  divided  into  three  separate  analyses: 

.  a  review  of  the  prospects  for  reduced  use  of 

chlorofluorocarbons  (CFCs) ; 
.  a  review  of  methods  to  capture  fugitive  methane  emissions 

from  selected  sources;  and 
.  analysis  of  measures  to  reduce  emissions  of  carbon  dioxide 

and  other  atmospheric  greenhouse  gases  due  to  combustion  of 

fossil  fuels. 

These  three  aspects  of  the  study  are  described  briefly  below. 
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1.6.1  Review  of  the  Prospects  for  Reduced  use  of 
Chlorof luorocarbons  and  Halons 

Chlorofluorocarbons  and  halons  are  used  in  refrigerators  and  air 
conditioners,  the  manufacture  of  insulating  and  other  foams, 
aerosol  propellants,  cleaning  fluids  and  fire  extinguishers. 
Reduced  use,  and  ultimately  lower  emissions,  of  CFCs  and  halons 
is  most  likely  to  be  achieved  through  the  use  of  substitutes. 
The  availability  of  substitutes  in  each  application  is  reviewed. 
This  is  translated  into  an  estimate  of  the  potential  for  reduced 
use  of  CFCs  and  halons  in  Canada  by  2005.   This  topic  is 
addressed  in  Appendix  B  and  covered  in  summary  form  in  Chapter  4 . 

1.6.2  Review  of  Fugitive  Methane  Emissions  from  Selected  Sources 

The  sources  of  fugitive  emissions  reviewed  are  coal  mines,  the 
petroleum  industry,  land  fills  and  biogas  sources.   The 
techniques  of  methane  recovery  and  use  from  each  source  are 
reviewed.   Estimates  of  the  emissions  that  are  economically 
recoverable  are  then  developed.   This  topic  is  covered  in 
Appendix  C  and  presented  in  summary  form  in  Chapter  4 . 

1.6.3  Measures  to  Reduce  Emissions  of  Greenhouse  Gases  due  to 
Combustion  of  Fossil  Fuels 

The  main  focus  of  the  study  is  measures  to  reduce  emissions  of 
atmospheric  greenhouse  gas  emissions  due  to  the  combustion  of 
fossil  fuels.   The  analysis  does  not  cover  non-energy  uses  of 
fossil  fuels,  such  as  feedstocks,  nor  own  use  of  energy  by  energy 
producers  and  transporters. 

Process-related  emissions  of  the  greenhouse  gases  are  not 
included  in  the  calculations.   For  example,  carbon  dioxide 
emissions  from  the  fuel  used  to  manufacture  cement  are  part  of 
the  study,  but  the  carbon  dioxide  emitted  by  the  chemical 
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reactions  involved  in  the  manufacture  of  cement  are  not  part  of 
the  analysis. 

Possible  measures  to  reduce  atmospheric  greenhouse  gas  emissions 
due  to  energy  combustion  are  grouped  into  the  following 
categories: 

.  conservation  to  reduce  fossil  fuel  use; 

.  substitution  of  less  carbonaceous  fuels; 

.  substitution  of  non-carbon  energy  sources; 

.  removal  of  greenhouse  gases  from  combustion  emissions;   and 

.  recycling  of  greenhouse  gases. 

The  study  focuses  on  measures  that  can  have  an  appreciable 
effect  on  atmospheric  greenhouse  gas  emissions  by  2005.   Cost- 
effectiveness  in  terms  of  reducing  carbon  dioxide  emissions  is 
the  principal  criterion  for  evaluating  the  potential  abatement 
measures. 

The  methodology  used  for  this  analysis  is  described  in 
Appendix  A.   Detailed  data  on  the  carbon  dioxide  abatement 
measures  considered  and  the  potential  reductions  of  greenhouse 
gas  emissions  are  presented  in  Appendix  E.   The  procedure  used  to 
estimated  the  impact  of  lower  nitrogen  oxides  emissions  on 
tropospheric  ozone  concentrations  is  presented  in  Appendix  D. 

1.7   Structure  of  the  Report 

The  core  of  the  study  is  a  technical  analysis  of  measures  to 
reduce  emissions  of  greenhouse  gases  due  to  combustion  of  fossil 
fuels.   Chapter  2  describes  the  approach  used  for  that  analysis. 
The  results  are  presented  in  Chapter  3.   The  potential  reduction 
of  CFCs  and  methods  to  reduce  fugitive  methane  emissions  are 
summarized  in  Chapter  4.   Our  conclusions  are  found  in  Chapter  5. 


2.0   APPROACH:   REDUCTION  OF  COMBUSTION-RELATED  EMISSIONS 


2 . 1  Introduction 

This  chapter  provides  an  overview  of  the  methodology  used  to 
analyse  measures  with  the  potential  to  reduce  emissions  of  carbon 
dioxide  from  fossil  fuel  combustion.   More  extensive  description 
of  the  methodology  is  provided  in  Appendix  A.   Detailed  data  on 
the  individual  measures  are  presented  in  Appendix  E. 

2.2  Identification  of  Carbon  Dioxide  Abatement  Measures 

Measures  with  the  potential  to  reduce  emissions  of  greenhouse 
gases  due  to  combustion  of  fossil  fuels  were  identified  from  the 
available  literature.   Potential  measures  were  classified  into 
the  following  categories;   measures  that: 

.  conserve  energy  and  so  reduce  fossil  fuel  use; 

.  substitute  a  less  carbonaceous  fuel  for  a  more  carbonaceous 

fuel  ; 
.  substitute  a  non-carbon  energy  source  for  a  carbonaceous 

fuel  ; 
.  remove  greenhouse  gases  from  combustion  emissions;   and 
.  recycle  greenhouse  gases. 

2.3  How  are  Carbon  Dioxide  Abatement  Measures  Defined? 

Each  measure  is  defined  in  terms  of  a  "typical"  installation, 
such  as  a  house,  an  automobile,  a  square  metre  of  commercial 
floor  space,  or  an  industry  sector,  for  which  energy  performance 
and  financial  data  are  available. 

A  measure  typically  involves  a  specific  end  use  or  application 
and  fuel;  for  example,  a  building  envelope  retrofit  for  homes 
heated  with  natural  gas.   As  the  example  indicates  a  certain 
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amount  of  aggregation  is  needed.   A  building  envelope  retrofit 
may  include  a  variety  of  specific  measures  such  as  ceiling,  wall 
and  basement  insulation,  caulking  and  weather  tightening,  storm 
windows,  etc.   The  "building  envelope  retrofit"  measure  used  in 
the  analysis  reflects  a  typical  mix  of  these  specific  measures. 

The  change  in  emissions  due  to  a  building  envelope  retrofit 
depends  upon  the  fuel  used  for  space  heating.   Thus,  it  is 
necessary  to  define  three  "building  envelope  retrofit"  measures; 
one  each  for  natural  gas,  light  fuel  oil  and  electricity.   The 
need  to  define  measures  in  terms  of  the  existing  fuel  increases 
the  number  of  measures  that  must  be  included  in  the  analysis. 

2.4   Data  Relating  to  Carbon  Dioxide  Abatement  Measures 

Each  measure  is  documented  in  terms  of  its: 

.  energy  performance; 

.  cost  characteristics; 

.  potential  number  of  installations; 

.  reduction  of  greenhouse  gas  emissions; 

.  cost-effectiveness  in  terms  of  emission  reductions;   and 

.  potential  for  emissions  abatement. 

Data  on  each  measure  are  presented  in  Appendix  E. 

The  number  of  measures  identified  is  so  numerous  that  they  are 
organized  into  six  sectors,  as  follows: 

.  residential; 

.  multi-residential; 

.  commercial  and  institutional; 

.  industrial  (general  and  specific  industries) ; 

.  transportation;   and 

.  electricity  generation. 
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2.5  Analysis  of  Potential  Carbon  Dioxide  Emission  Reductions 

The  analysis  of  the  potential  for  reducing  carbon  dioxide 
emissions  proceeds  through  three  stages: 

.  direct  reduction  of  carbon  dioxide  emissions  through 

conservation,  substitution  and  other  measures  that  affect 
fossil  fuel  use  in  the  residential,  commercial,  industrial 
and  transportation  sectors. 

.  indirect  reduction  of  carbon  dioxide  through  measures  that 
affect  the  use  of  electricity  in  the  residential, 
commercial,  industrial  and  transportation  sectors.   Reduced 
demand  for  electricity  lowers  the  use  of  fossil  fuel  used  to 
generate  electricity  and  so  lowers  carbon  dioxide 
emissions. 6 

.  substitution  of  non-fossil  generation  for  fossil  fueled 
generation.   This  lowers  carbon  dioxide  emissions  by 
reducing  the  amount  of  fossil  fuel  used  to  generate 
electricity. 

m  In  some  instances  more  than  one  abatement  option  is  available; 

various  alternative  transportation  fuels  for  example.   The  most 
cost-effective  measure  is  selected  for  each  situation. 


1 

„  6    Measures  that  increase  the  use  of  electricity,  such  as 

electrotechnologies  in  the  industrial  sector,  and 
increase  the  supply  of  electricity,  such  as 
co-generation,  are  also  covered  in  the  analysis.   The 
net  effect,  however,  is  a  reduction  in  the  demand  for 
electricity  from  what  it  is  forecast  to  be. 
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2 . 6  Penetration  of  Carbon  Dioxide  Abatement  Measures 

Carbon  dioxide  emissions  reductions  are  estimated  for  three 
levels  of  penetration  of  selected  measures.   Those  levels  of 
penetration  are: 

.  technical  potential; 

.  measures  economically  attractive  to  society  (MEAS) ;   and 

.  market  penetration. 

The  technical  potential  is  an  estimate  of  the  total  number  of 
installations  that  are  technically  possible  in  Canada  by  2005. 

Measures  economically  attractive  to  society  are  those  that  yield 
a  net  economic  return  to  society.7   Conservation  measures 
selected  yield  energy  savings  that  exceed  the  cost  of  the 
measure.   Substitution  and  electrical  generation  measures  are 
less  costly  than  the  best  alternative.   Although  a  measure  may  be 
economically  attractive,  the  emission  reductions  are  sometimes 
lower  than  the  technical  potential  because  the  measure  may  not  be 
attractive  for  all  potential  applications. 

Estimated  market  penetration  is  the  fraction  of  the  technical 
potential  likely  to  be  achieved  with  no  new  policy  measures  to 
promote  adoption. 

2.7  Impact  on  Tropospheric  Ozone 

Measures  that  reduce  carbon  dioxide  emissions  also  reduce 
emissions  of  other  gases.   Reductions  in  combustion  related 


The  economic  attractiveness  is  evaluated  in  terms  of 
the  net  measure  cost.   The  net  measure  cost  is 
calculated  using  1995  energy  prices  (expressed  in 
1988  dollars)  and  a  real  social  discount  rate  of 
7  percent. 
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emissions  of  methane  are  expressed  in  terms  of  their  carbon 
dioxide  equivalence. 

Reduced  emissions  of  nitrogen  oxides  (N0X)  will  lower  the 
concentration  of  ozone  in  the  troposphere.   The  relationship 
between  N0X  emissions  and  ozone  concentration  is  reviewed  in 
Appendix  D.   That  relationship  is  used  to  estimate  the  effect  of 
selected  carbon  dioxide  abatement  measures  on  tropospheric  ozone 
concentration . 


3.0   REDUCTION  OF  COMBUSTION-RELATED  EMISSIONS 
OF  CARBON  DIOXIDE 


3.1   Carbon  Dioxide  Emissions  Reduction  Reference 

3.1.1   Specification  of  a  Target 

A  national  objective  for  reduction  of  carbon  dioxide  emissions 
has  not  yet  been  established.   To  study  the  feasibility  of 
achieving  a  significant  reduction  in  emissions  of  carbon  dioxide 
and  other  greenhouse  gases  due  to  fossil  fuel  combustion  a 
specific  target  or  point  of  reference  is  needed.   The 
illustrative  target  used  in  this  analysis  is  the  one  recommended 
by  the  Toronto  Climate  Conference.   That  target  is  a  20  percent 
reduction  from  1988  carbon  dioxide  emission  levels  by  2005. 

The  role  of  the  target  reduction  is  simply  to  specify  the 
spectrum  of  carbon  dioxide  emission  abatement  measures  needed; 
in  other  words  what  measures  are  needed  to  reduce  carbon  dioxide 
emissions  by  "X"  million  tonnes  annually.   The  Toronto  Climate 
Conference  target  is  one  way  of  defining  this  amount.   It  is  used 
here  because  of  the  public  awareness  of  this  target  and  because 
it  is  an  ambitious  reduction  target. 

Other  carbon  dioxide  emission  reduction  targets,  such  as  no 
increase  from  1988  emission  levels,  could  be  used  for. the 
analysis.   Any  target  that  is  less  ambitious  than  the  Toronto 
Climate  Conference  target  can  be  evaluated  directly  from  the 
results  presented  here.   It  simply  means  selecting  a  smaller 
number  of  carbon  dioxide  emission  abatement  measures,  because  the 
target  reduction  is  smaller. 

It  should  be  recognized  that  achievement  of  the  Toronto  Climate 
Conference  target  would  not  prevent  further  climate  warming.   The 
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cumulative  impact  of  past  emissions  will  cause  additional  warming 
for  many  years  yet. 

3-1-2      Calculation  of  the  Emissions  Reduction  Target 

Calculation  of  the  Toronto  Climate  Conference  carbon  dioxide 
emission  reduction  target  is  shown  in  Exhibit  3.1.   The  basis  for 
the  calculation  is  the  national  energy  supply/demand  forecast 
prepared  by  the  Department  of  Energy,  Mines  and  Resources  using 
its  Inter-Fuel  Substitution  Demand  (IFSD)  model.8   The  forecast 
used  is  based  on  Texas  crude  oil  prices  rising  from  U.S.  $15  per 
barrel  in  1988  to  US  $24  per  barrel  in  2005  (both  in  1986  U.S. 
dollars) . 

Carbon  dioxide  emissions  due  to  fossil  fuel  combustion  as 
estimated  from  the  IFSD  forecast  amount  to  roughly  419  million 
tonnes  annually  in  1988.   Projected  emissions  of  carbon  dioxide 
from  fossil  fuel  combustion  based  on  the  model's  forecast  of 
energy  use  in  2005  are  627  million  tonnes  annually.   The  Toronto 
Climate  Conference  target  for  carbon  dioxide  emissions  from 
fossil  fuel  combustion  in  2005  is  80  percent  of  the  1988 
emissions,  approximately  336  million  tonnes. 

To  achieve  the  Toronto  Climate  Conference  target,  the  projected 
2005  emissions  must  be  reduced  from  627  to  336  million  tonnes;   a 
reduction  of  291  million  tonnes. 

The  energy  demand  forecast  by  the  IFSD  model  for  2005  probably 
incorporates  some  improvement  in  energy  efficiency.   The  extent 
of  the  energy  efficiency  gains  is  implicit  in  the  model  and  can 
not  be  easily  estimated.   To  adjust  for  these  implicit  energy 
efficiency  improvements,  the  carbon  dioxide  reduction  target  is 

For  a  description  of  the  forecast  see  "Long-Term  Enerov 
Outlook  1987-2005",  Energy  Market  Analysis  Division, 
Energy,  Mines  and  Resources  Canada,  June  1988. 
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EXHIBIT  3.1:    PROJECTED  CARBON  DIOXIDE  EMISSIONS  AND  TORONTO 
CLIMATE  CONFERENCE  EMISSIONS  REDUCTION  TARGET 


C02  EMISSIONS  ESTIMATED  FROM  IFSD 
15-24  FORECAST 


(Millions  of  Tonnes  of  C02  Annually) 


Growth 

1988 

2005 

1988-2005 

53  (13%) 

61 

(10%) 

15% 

32  (  8%) 

49 

(  8%) 

53% 

121  (29%) 

163 

(26%) 

35% 

128  (30%) 

180 

(29%) 

41% 

85  (20%) 

174 

(28%) 

104% 

Residential  Sector 
Commercial  Sector 
Industrial  Sector 
Transportation  Sector 


TOTAL  419  (100%)   627  (100%)     49% 


Toronto  Climate  Conference  Target  80%  of  1988  =  336 


Apparent  reduction  needed  to  achieve  the  Toronto  Climate 
Conference  target  =  291   million  tonnes  of  C02  annually. 

Adjustment  for  possible  energy  efficiency  gains  implicit  in 
the  IFSD  demand  forecast  =  51  million  tonnes  of  C02 
annually. 

Carbon  dioxide  reduction  needed  to  achieve  the  Toronto 
Climate  Conference  target  =  291  to  342  million  tonnes  of  C02 
annually. 
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expressed  as  a  range.   Specifically,  it  is  assumed  that  the 
carbon  dioxide  emissions  reduction  that  would  be  achieved  under 
the  market  penetration  scenario  (51  million  tonnes  per  year) 
might  already  be  reflected  in  the  IFSD  energy  forecast.   To 
offset  for  this  implicit  reduction,  carbon  dioxide  abatement 
measures  yielding  a  cumulative  emissions  reduction  of  291  to 
342  million  tonnes  per  year  must  be  implemented  to  meet  the 
target. 

3 . 2   Carbon  Dioxide  Emission  Reduction  Potential 

3.2.1  Selection  Criteria 

A  large  number  of  possible  carbon  dioxide  abatement  measures  are 
evaluated  in  Appendix  E.   The  measures  selected  to  help  achieve 
the  Toronto  Climate  Conference  target  are  chosen  on  the  basis  of 
their  cost-effectiveness.   Measures  are  selected  in  order  of 
increasing  cost  per  kilogram  of  carbon  dioxide  emissions 
avoided.   Many  of  the  measures  have  a  negative  cost  per  unit 
reduction  of  carbon  dioxide.   This  means  that  the  measure  yields 
a  net  economic  benefit  to  society  over  its  lifetime  as  a  result 
of  energy  cost  savings,  as  well  as  lowering  carbon  dioxide 
emissions. 9 

3.2.2  Process  for  Selecting  Carbon  Dioxide  Emission  Reduction 
Measures 

Selection  of  measures  to  achieve  the  Toronto  Climate  Conference 
target  proceeds  in  three  stages: 


In  the  economic  evaluation  of  carbon  dioxide  abatement 
measures,  no  value  has  been  assigned  to  the  lower 
emissions.   Thus,  the  true  benefits  to  society  are 
underestimated . 
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.  direct  reduction  on  carbon  dioxide  emissions  through 

conservation,  substitution  and  other  measures  that  affect 
fossil  fuel  use  in  the  residential,  commercial,  industrial 
and  transportation  sectors. 

.  indirect  reduction  fo  carbon  dioxide  through  measures  that 
affect  the  use  of  electricity  in  the  residential, 
commercial,  industrial  and  transportation  sectors.   Reduced 
demand  for  electricity  lowers  the  use  of  fossil  fuel  used  to 
generate  electricity  and  so  lowers  carbon  dioxide  emissions. 

.  Substitution  of  non-fossil  generation  for  fossil  fueled 
generation.   This  lowers  carbon  dioxide  emissions  by 
reducing  the  amount  of  fossil  fuel  used  to  generate 
electricity. 

These  three  categories  of  carbon  dioxide  emissions  reductions 
measures  are  analysed  in  turn. 

3.3   Direct  Reduction  of  Carbon  Dioxide  Emissions 

3.3.1   Technical  Potential  for  Direct  Carbon  Dioxide  Emission 
Reductions 

The  technical  potential  to  reduce  direct  carbon  dioxide  emissions 
includes  all  possible  measures  to  lower  direct  emissions, 
regardless  of  cost-effectiveness,  but  without  duplication.   For 
example,  a  number  of  alternative  fuels  are  considered  in  the 
transportation  sector.   Ultimately  the  fuel  needs  of  a  given 
vehicle  are  supplied  by  a  single  fuel.   Hence  the  contributions 
of  alternative  fuels  must  be  calculated  in  a  manner  that  avoids 
double  counting. 

The  measures  selected  as  offering  technical  potential  for  direct 
reduction  of  carbon  dioxide  emissions  are  listed  in  Exhibit  3.2. 
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This  list  excludes  demand- side  management  measures  and  other 
measures  that  only  affect  the  demand  for  electricity.   Those 
measures  are  addressed  in  the  next  section.   The  exhibit  also 
excludes  measures  related  to  electricity  generation  which  are 
discussed  later. 

The  exhibit  provides,  for  each  measure  selected,  a  short 
description  of  the  measure,  the  estimated  energy  savings  (as  a 
percentage) ,  the  aggregate  net  measure  cost  for  installing  the 
measure  in  all  feasible  applications,  the  technical  potential  for 
the  measure  in  terms  of  the  number  of  typical  units  and  total 
carbon  dioxide  reduction  that  can  be  achieved  by  the  measure. 
The  data  are  drawn  from  Appendix  E.   The  measures  are  listed 
within  each  sector  starting  with  the  most  cost-effective  and 
continuing  until  the  technical  potential  has  been  exhausted. 

Where  appropriate,  energy  savings  and  emission  reductions  have 
been  adjusted  to  reflect  interactive  effects  with  other  measures. 
For  example,  the  impact  of  improved  automobile  tuning  has  been 
adjusted  to  reflect  the  greater  fuel  efficiency  of  new 
automobiles.   The  improved  fuel  efficiency  means  that  the 
benefits  of  better  tuning  are  reduced. 

3.3.2   Measures  Economically  Attractive  to  Society 

Measures  economically  attractive  to  society  (MEAS)  differs  from 
the  technical  potential  in  two  ways.   First,  a  measure  that  is 
not  economically  attractive  to  society  may  be  included  in  the 
technical  potential,  but  it  is  not  included  in  the  MEAS.   Second, 
a  measure  that  is  economically  attractive  to  society  may  have  a 
lower  penetration  under  the  MEAS  than  under  the  technical 
potential. 

The  measures  economically  attractive  to  society  for  direct 
reduction  of  carbon  dioxide  emissions  are  also  identified  in 
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Exhibit  3.2.   The  exhibit  shows  the  MEAS  penetration  as  a 
percentage  of  the  technical  potential  and  the  carbon  dioxide 
emission  reductions  associated  with  each  of  those  measures. 
Measures  with  a  net  measure  cost  greater  than  zero  are  excluded 
from  MEAS  because  they  are,  by  definition,  not  economically 
attractive  to  society. 

In  principle,  the  economic  potential  of  a  measure  that  is 
economically  attractive  to  society  is  equal  to  the  technical 
potential  of  that  measure.   However,  the  MEAS  penetration  is 
often  adjusted  to  be  less  than  the  technical  potential.   The 
reason  is  that  while  the  measure  is  economically  attractive  on 
average,  it  may  not  be  economically  attractive  in  all 
applications.   For  example,  building  envelope  retrofits  may  be 
attractive  on  average,  but  are  not  justified  for  buildings 
nearing  the  end  of  their  useful  lives. 

3.3.3   Market  Penetration 

Market  penetration  is  the  penetration  each  measure  is  likely  to 
achieve  with  no  new  policies,  incentives,  or  regulations.   The 
market  penetration  estimates  are  based  on  the  literature  and 
judgements  reflecting  the  economic  attractiveness  of  measures. 

Market  potential  is  generally  much  less  than  the  technical 
potential  and  the  penetration  of  measures  economically  attractive 
to  society.   This  is  because  firms  and  individuals  tend  to  seek 
much  higher  returns  from  energy  investments  than  the  social 
discount  rate.    A  real  discount  rate  of  7  percent  per  year  may 
be  appropriate  from  society's  perspective.   But  research 
indicates  that  individuals  and  businesses  often  require  real 
returns  well  over  25  percent  (indeed  over  100  percent)  per  year 
for  energy  investments.   Market  penetration  can  also  be  hampered 
by  a  variety  of  institutional  and  other  barriers. 
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Market  penetration  is  also  shown  in  Exhibit  3.2  in  terms  of  the 
percentage  of  technical  potential  for  each  measure  and  the 
associated  carbon  dioxide  emissions  reductions. 

3.3.4   Direct  Carbon  Dioxide  Emissions  Reductions 

The  estimated  carbon  dioxide  emissions  reductions  achievable  in 
relation  to  fossil  fuel  use  in  the  end  use  sectors  by  2005  are 
summarized  in  Exhibit  3.3. 

Technical  Potential 

The  technical  potential  of  177  million  tonnes  is  not  enough  to 
achieve  the  Toronto  Climate  Conference  target.   However,  measures 
that  reduce  the  demand  for  electricity  and  the  substitution  of 
non-fossil  generation  for  fossil  fueled  generation  are  not  yet 
reflected  in  the  estimates. 

The  technical  potential  of  177  million  tonnes  of  carbon  dioxide 
represents  almost  4  0  percent  of  the  estimated  emissions  by  the 
end  use  sectors.   The  estimates  of  technical  potential  for  carbon 
dioxide  emissions  reductions  agree  closely  with  those  of  a  recent 
American  study.   That  study  estimated  the  technical  potential  for 
buildings  at  50  percent,  for  industry  at  25  percent  and  for  the 
transportation  sector  at  50  percent  as  well.10 


10    It  estimates  the  technical  potential  at  25%  for 

existing  houses  and  50%  for  new  houses,  since  the  two 
stocks  are  roughly  equal  by  2005  this  amounts  to  37.5% 
for  the  sector.   In  the  commercial  sector  the  estimates 
are  50%  for  existing  stock  and  75%  for  new  stock. 
Since  new  stock  is  60%  of  the  total  by, 2005  that 
amounts  to  65%  for  the  commercial  sector.   Based  on  the 
energy  use  in  the  residential  and  commercial  sectors  in 
2005,  the  overall  target  becomes  50%.   The  technical 
potential  for  the  industrial  sector  was  estimated  at 
2  5%  and  for  the  transportation  sector  was  estimated  at 
50%. 
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EXHIBIT  3.3:   ESTIMATED  DIRECT  CARBCN  DICKEDE  EMISSION  REDOCTICNS  ACHIEVABLE1 


(Mil liens  of  Termes  Annually  By  2005) 

Measures  Technical  Potential 

Economically  as  a  Share  of 

Market      Attractive  Technical  2005  OO2  Emissions 

Penetration   to  Society3  Potential2  from  the  Sector 


Residential 

3 

10 

20    — | 

Multi-Residential 

2 

4 

• 

^      45% 

Commercial 

4 

12 

25    J 

Industrial 

5 

9 

40 

24% 

Transportation 

18 

68 

87 

49% 

TOTAL 


31 


103 


177 


39% 


Notes:  1)  The  reductions  shown  relate  only  to  fossil  fuel  use  in  the  sector. 

2)  Technical  potential  includes  all  measures  that  can  be  implemented  in  a 
sector  to  reduce  direct  carbon  dioxide  emissions.  Measures  that  are 
economically  attractive  from  society's  perspective  are  selected  first. 
Potential  overlap  of  measures  has  been  eliminated. 

3)  Includes  measures  that  are  economically  attractive  from  society's 
perspective  and  that  form  part  of  the  technical  potential.  The 
penetration  estimated  for  these  measures  is  sometimes  lower  than  in  the 
estimate  of  technical  potential. 
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Almost  half  of  the  total  reduction  in  carbon  dioxide  emissions  is 
estimated  to  be  able  to  come  from  the  transportation  sector.   The 
principal  sources  of  these  savings  are  improved  fuel  economy  for 
automobiles,  light  trucks  and  heavy  trucks  (38  million  tonnes  of 
CO2  annually)  and  improved  urban  traffic  management  including 
increased  use  of  carbon  public  transit  (27  million  tonnes  of  C02 
annually) . 

Measures  Economically  Attractive  to  Society 

The  reduction  in  carbon  dioxide  emissions  achieved  through 
implementation  of  measures  economically  attractive  to  society 
(MEAS)  is  estimated  at  103  million  tonnes  of  carbon  dioxide 
annually.   This  is  roughly  60  percent  of  the  technical  potential. 

The  MEAS  carbon  dioxide  emission  reductions  for  the  buildings 
sector  is  half  the  reduction  estimated  to  be  technically 
feasible.   The  principal  reason  for  the  difference  is  that 
several  of  the  measures  that  are  technically  feasible  are  not 
economically  attractive  from  society's  perspective  and  so  are 
excluded  from  the  MEAS  estimate. 

The  reduction  in  carbon  dioxide  emissions  for  the  industrial 
sector  appears  to  be  much  lower  under  MEAS  than  under  the 
technical  potential  (9  vs  40  million  tonnes  of  carbon  dioxide 
annually) .   This  is  deceptive.   The  technical  potential  includes 
a  number  of  electrotechnologies  which  use  electricity  to  displace 
fossil  fuels.   The  emissions  eliminated  by  displacing  the  fossil 
fuels  are  reflected  in  the  figures  presented  in  Exhibit  3.3  but 
the  emissions  associated  with  generating  the  additional 
electricity  are  not.   The  electricity  demand  is  analysed 
separately  in  the  next  section.   The  MEAS  estimate  does  not 
include  all  of  the  same  electrotechnologies.   Because  of  the 
continued  fossil  fuel  use  when  these  technologies  are  not 
adopted,  the  reduction  in  direct  carbon  dioxide  emissions  is 
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lower  but  the  net  reduction  in  electricity  demand,  as  will  be 
seen  in  the  next  section,  is  higher. 

The  difference  between  the  technical  potential  and  MEAS  estimate 
in  the  transportation  sector  is  largely  accounted  for  by  propane 
use  in  private  automobiles.   This  is  technically  feasible  but  not 
economic  on  a  large  scale.   Transportation  fuels  are  compared  on 
the  basis  of  prices  net  of  federal  and  provincial  taxes.   Without 
tax  advantages,  alternative  transportation  fuels  are  not 
competitive  with  gasoline. 

Market  Penetration 

Market  penetration  yields  a  reduction  of  roughly  31  million 
tonnes  of  carbon  dioxide  emissions  by  2005;   about  18  percent  of 
the  technical  potential.   The  carbon  dioxide  emissions  reductions 
are  between  10  and  2  0  percent  of  the  technical  potential  in  all 
sectors . 

3.4  Measures  that  Affect  the  Demand  for  Electricity 

3.4.1  Nature  of  the  Impacts  on  the  Demand  for  Electricity 

Some  of  the  measures  identified  affect  the  demand  for 
electricity.   The  effects  are  felt  in  one  of  three  ways: 

.  demand  side  management  measures  reduce  the  demand  for 
electricity; 

.  electrotechnologies  in  the  industrial  sector  substitute 
processes  that  use  electricity  for  ones  that  use  fossil 
fuel  and  so  increase  the  demand  for  electricity;   and 

.  cogeneration  or  by-product  electricity  increases  the  supply 
of  electricity. 
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The  net  impact  of  measures  that  affect  the  supply  of,  or  demand 
for,  electricity  is  considered  in  this  section. 

3.4.2   Technical  Potential  of  Measures  that  Affect  Electricity 
Demand 

The  measures  selected  that  have  an  impact  on  the  demand  for 
electricity  are  listed  in  Exhibit  3.4.   The  exhibit  provides  the 
same  information  for  each  measure  as  was  provided  earlier  for 
the  direct  emission  reduction  measures  with  the  exception  that 
the  carbon  dioxide  emissions  reductions  are  replaced  by  the 
electricity  savings.   Additional  information  on  the  measures  is 
provided  in  Appendix  E. 

The  industrial  sector  includes  a  number  of  electrotechnologies 
that  increase  the  demand  for  electricity  (they  are  shown  as 
negative  savings) ,  as  well  as  measures  that  reduce  the  demand  for 
electricity  and  co-generation  which  produces  electricity.   The 
transportation  sector  produces  a  small  net  increase  in 
electricity  use  as  a  result  of  rail  electrification. 

The  demand-side  management  measures  were  evaluated  using  the 
price  of  electricity.   This  is  based  on  the  historical  average 
cost.   Utilities  evaluate  such  demand-side  management  measures 
using  marginal  or  avoided  costs.   The  marginal  or  avoided  cost 
could  be  higher  or  lower  than  the  price  of  electricity.   The 
avoided  cost  depends  on  the  utility's  need  for  additional 
capacity  and  the  impact  of  the  measure  on  peak  and  off-peak 
demand . 

Financial  incentives  are  sometimes  offered  by  utilities  to 
promote  adoption  of  demand-side  management  measures.   Such 
incentives  have  not  been  considered  in  this  analysis.   Due  to  the 
differences  in  approach  noted  above,  electric  utilities  may 
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arrive  at  very  different  estimates  of  the  potential  for 
electrical  efficiency  improvements  than  those  presented  here. 

3.4.3  Measures  Economically  Attractive  to  Society  and  Market 
Penetration 

The  measures  that  affect  the  demand  for  electricity  and  are 
economically  attractive  to  society  are  also  identified  in 
Exhibit  3.4.   Again  measures  that  are  part  of  the  technical 
potential,  but  which  have  a  positive  net  measure  cost  are 
excluded.   As  well,  the  penetration  level  is  often  adjusted  from 
that  estimated  as  being  technically  feasible. 

The  market  penetration  of  measures  that  affect  the  demand  for 
electricity  is  also  shown  in  Exhibit  3.4.   The  market  penetration 
is  estimated  in  the  same  manner  as  outlined  for  measures  that 
affect  direct  emissions  of  carbon  dioxide. 

3.4.4  Reductions  in  the  Demand  for  Electricity 

The  estimated  reductions  that  can  be  achieved  in  the  demand  for 
electricity  are  summarized  in  Exhibit  3.5. 

The  technical  potential  is  slightly  greater  than  the  forecast 
growth  in  demand  for  electricity.   The  technical  potential 
amounts  to  a  25  percent  reduction  in  the  forecast  demand  for 
electricity  in  the  industrial  sector  and  a  46  percent  reduction 
in  the  demand  forecast  for  the  combined  residential  and 
commercial  sectors.   Commercial  buildings,  including  multi- 
residential  buildings,  contribute  almost  half  of  the  total 
reduction  in  demand  for  electricity  under  the  technical  potential 
scenario. 

The  MEAS  estimate  for  the  industrial  sector  is  larger  than  the 
technical  potential.   This  reflects  the  role  of 
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EXHIBIT  3.5:   ESTIMATED  REDUCTIONS  IN  DEMAND  FCR  ELECTRICITY  ACHIEVABLE 


(HT  Annually  By  2005) 


Technical 
Measures  Potential 

Economically  as  %  of 

Market     Attractive   Technical     Forecast  2005 
Penetration   to  Society   Potential   Demand  in  the  Sector 


46% 


Residential 

33 

86 

169   - 

Multi-Residential 

23 

71 

92 

Commercial 

75 

247 

301   - 

Industrial 

49 

308 

265 

Transport 

Nil 

-24 

-24 

TOTAL  SAVINGS 

180 

688 

803 

Projected  growth 
in  secondary  demand 
for  electricity 
from  USD 

794 

794 

794 

25% 


35% 
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electrotechnologies  discussed  previously.   The  MEAS  scenario 
assumes  lower  penetration  of  electrotechnologies  and  larger 
savings  in  the  demand  for  electricity  than  the  technical 
potential  case. 

The  market  penetration  case  yields  reductions  in  demand  for 
electricity  of  approximately  180  PJ  annually.   This  represents 
just  over  22  percent  of  the  forecast  growth  in  demand  for 
electricity  over  the  period  to  2  005. 

3.4.5  Comparison  with  Other  Estimates  of  Technical  Potential  for 
Demand-Side  Management  Measures 

The  estimated  potential  for  demand-side  management  measures  is 
consistent  with  the  findings  of  a  recent  New  York  study.11  The 
New  York  study  estimated  the  technical  potential  for  electricity 
conservation  at  approximately  30  percent  of  current  demand.   The 
somewhat  higher  (35  percent)  estimate  of  technical  potential 
estimated  here  is  not  inconsistent  in  that  it  applies  to  future 
demand.   Further  technological  developments  and  the  ability  to 
implement  measures  in  new  buildings  and  equipment  argue  for 
higher  savings  relative  to  future  demand.   The  savings  estimated 
for  the  measures  economically  attractive  to  society  amount  to 
3  0  percent  of  forecast  demand. 

Ontario  Hydro  has  established  demand  management  targets  of 
4,500  MW  (peak)  by  2000.   The  targets  include  1,000  MW  of  load 
shifting  and  3,500  MW  of  efficiency  improvements.   The  total 


11   American  Council  for  an  Energy  Efficient  Economy,  "The 
Potential  for  Electricity  Conservation  in  New  York 
State",  New  York  State  Energy  Research  and  Development 
Authority,  review  draft,  February,  1989.   The  study 
estimated  the  potential  for  conservation  at 
approximately  3  0%  of  current  demand.   A  somewhat 
higher,  say  35%,  reduction  of  forecast  demand  is  not 
unreasonable . 
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represents  just  over  15  percent  of  the  projected  peak  load  in 
2000.   The  industrial  sector  and  commercial  sector  targets  are 
each  3  8  percent  of  the  Ontario  Hydro's  total  target. 

3.4.6  Electricity  Generation  and  Carbon  Dioxide  Emissions 

The  results  summarized  in  Exhibit  3.5  indicate  that  part  or  all 
of  the  forecast  growth  in  demand  for  electricity  can  be  averted 
through  the  measures  identified.   Additional  generation  capacity 
is  needed  to  supply  the  remaining  growth  in  demand  for 
electricity. 

The  IFSD  model  develops  a  specific  mix  of  new  generating 
capacity  to  supply  its  forecast  growth  in  the  demand  for 
electricity.   Use  of  that  mix  of  capacity  to  meet  the  forecast 
growth  in  demand  for  electricity  raises  estimated  carbon  dioxide 
emissions  from  85  to  174  million  tonnes  annually  between  1988  and 
2  005. 12  Reducing  the  demand  for  electricity  allows  a  portion  of 
this  88  million  tonne  increase  in  annual  carbon  dioxide  emissions 
to  be  avoided.   That  amount  is  calculated  below. 

3.4.7  Primary  Fuel  Use  for  Electricity  Generation 

The  carbon  dioxide  emissions  for  electricity  generation  are  a 
function  of  the  primary  fuel  use.   To  translate  the  reductions 
in  secondary  demand  for  electricity  into  reduced  carbon  dioxide 
emissions,  they  must  first  be  converted  to  primary  fuel  demands. 
That  is  done  in  Exhibit  3.6. 

The  growth  in  secondary  demand  for  electricity  as  forecast  by  the 
IFSD  model  is  794  PJ.   That  figure  is  reduced  by  the  estimated 
reduction  in  secondary  demand  for  electricity  as  summarized  in 
Exhibit  3.5.   A  revised  forecast  of  growth  in  secondary  demand 


12   See  Exhibit  3.1. 
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EXHIBIT  3.6: 


REDUCTIONS  IN  CARBON  DIOXIDE  EMISSIONS  DDE  TO 
LOWER  DEMAND  FOR  ELECTRICITY 


Market 

Penetration 


Measures 
Economically 
Attractive   Technical 
tP  Society   Potential 


Projected  growth  in 
secondary  demand  for 
electricity  from 
IFSD  (PJ) 


794 


Estimated  reductions 

in  demand  for  180 

electricity  from 

Exhibit  3.5  (PJ) 

Revised  forecast  of  growth 
in  secondary  demand  for 
electricity  (PJ)  614 

Associated  transmission 
losses  (9%  of  secondary 
demand)  (PJ)  55 

Electrical  output  needed 

from  new  generating  669 

capacity  (PJ) 

Primary  energy  needed 

to  produce  the  additional 

electrical  output  (PJ  of 

primary  energy)  1,967 

Capacity  additions  needed 
to  supply  growth  in  demand 
for  electricity  (PJ  of 
primary  energy) 


794 


688 


106 


10 


116 


341 


Nil 


Nil 


Nil 


Nil 


-  coal 

584 

101 

Nil 

-  other  fossil  fuel 

140 

24 

Nil 

-  nuclear 

278 

48 

Nil 

-  hydro 

2£S 

168 

an 

total  1,9  67 

Carbon  dioxide  emissions 
associated  with  this  mix 
of  electrical  generation       68 
(million  tonnes) 

Carbon  dioxide  emissions 

due  to  IFSD  forecast  of 

growth  in  demand  for  88 

electricity 

(million  tonnes) 

Carbon  dioxide  emissions 
reductions  due  to  lower        20 
demand  for  electricity 
(million  tonnes) 


341 


12 


88 


76 


Nil 


Nil 


88 


88 
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for  electricity  to  2005  is  calculated.   The  transmission  losses 
associated  with  this  revised  growth  in  secondary  demand  are 
estimated  to  get  the  additional  electricity  that  must  be 
supplied. 

The  electricity  supplied  is  converted  to  a  primary  demand.   This 
primary  demand  is  assumed  to  be  met  proportionally  by  the 
different  types  of  capacity  forecast  by  the  IFSD  model  to  be 
added  between  1988  and  2  005. 13   The  carbon  dioxide  emissions 
associated  with  the  required  capacity  additions  are  estimated. 
These  are  deducted  from  the  estimated  growth  in  carbon  dioxide 
emissions  (88  million  tonnes)  implied  by  the  IFSD  model  forecast 
of  demand  for  electricity.   The  result  is  the  estimated  reduction 
in  carbon  dioxide  emissions  due  to  lower  demand  for  electricity. 

3.4.8   Reduction  in  Carbon  Dioxide  Emissions  due  to  Lower  Demand 
for  Electricity 

The  lower  demand  for  electricity  means  that  the  forecast 
additions  to  capacity  and  corresponding  use  of  fossil  fuels  will 


13   The  IFSD  model  determines  the  fuels  used  to  generate 
electricity  in  1988  and  the  fuels  forecast  to  be  used 
to  supply  the  growth  in  demand  to  2  005.   The  amounts  of 
primary  fuels  needed  to  meet  the  demand  for  electricity 
are  as  follows: 

IFSD  Forecast  of  Primary  Fuel 
Use  for  Electricity  Generation 

Primary  Fuel        1988      Additions  1988-2005 

(PJ)        (PJ)        (%) 

Coal  750  783  29.7 

Other  fossil  fuels  216  187  7.1 

Nuclear  877  372  14.1 

Hydro  3.009  1,294  49_a 

Total  4,852        2,636       100.0 
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not  be  needed.   The  reduction  in  demand  for  electricity  and 
adjusted  capacity  additions  are  shown  in  Exhibit  3.6. 

The  technical  potential  eliminates  the  growth  in  demand  for 
electricity  and  so  avoids  any  growth  in  carbon  dioxide  emissions 
for  electrical  generation,  a  saving  of  88  million  tonnes 
annually. 

The  reductions  for  the  MEAS  and  market  penetration  cases  are 
7  6  million  tonnes  of  carbon  dioxide  and  2  0  million  tonnes  of 
carbon  dioxide  annually  by  2005. 

3.5  Substitution  of  Non-Fossil  Electricity  Generation  for  Fossil 
Fueled  Generation 

As  a  result  of  the  measures  to  reduce  demand  for  electricity, 
some  of  the  additions  to  non-fossil  fueled  generation  forecast  by 
the  IFSD  model  for  the  period  to  2  005  are  not  needed  to  meet  the 
growth  in  demand.   This  non-fossil  generation  is,  in  principle, 
available  to  displace  projected  and  existing  fossil  fueled 
generation.   Other  non-fossil  generation  technologies  expected  to 
be  viable  by  2005,  such  as  photovoltaic,  wind,  tidal,  geothermal , 
and  fuel  cells  can  also  be  substituted  for  fossil  fueled 
generation.   These  possibilities  provide  a  further  opportunity  to 
reduce  carbon  dioxide  emissions. 

3.5.1   Market  Penetration  Scenario 

Substitution  of  non-fossil  generation  for  fossil  fueled 
generation  is  not  considered  for  the  market  penetration  case. 
Rather  the  market  penetration  scenario  is  used  as  an  estimate  of 
the  amount  of  energy  efficiency  improvement  that  may  be  embodied 
in  the  IFSD  energy  forecast.   Hence  only  energy  efficiency 
measures  are  analysed  for  the  market  penetration  scenario. 
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Energy  efficiency  measures  that  affect  fossil  fuel  use  lead  to 
direct  reductions  of  carbon  dioxide  emissions  of  31  million 
tonnes  per  year  by  2005.   Measures  that  affect  the  demand  for 
electricity  lead  to  indirect  reductions  of  carbon  dioxide 
emissions  of  20  million  tonnes  per  year  by  2005.   The  direct  and 
indirect  carbon  dioxide  emissions  reductions  associated  with  the 
market  penetration  measures  (51  million  tonnes  per  year)  are 
added  to  the  reduction  target  to  account  for  the  possibility  that 
they  may  already  be  implicit  in  the  energy  demand  forecast. 

3.5.2   Measures  Economically  Attractive  to  Society 

The  additions  to  non-fossil  electrical  generating  capacity 
forecast  by  the  IFSD  model  for  the  period  1988  to  2005  amount  to 
1,666  PJ  of  primary  energy  as  shown  in  Exhibit  3.7.   The  amount 
of  non-fossil  fueled  generation  projected  to  be  needed  to  supply 
the  revised  growth  in  demand  for  electricity  as  estimated  in 
Exhibit  3.6  is  216  PJ  of  primary  energy.   That  means  the 
non-fossil  fuel  generating  capacity  potentially  available  to 
displace  fossil-fuel  generation  by  2005  is  1,450  PJ  of  primary 
energy. 

This  latter  figure  includes  only  hydro  and  nuclear  capacity 
forecast  by  the  IFSD  model  as  being  potentially  available  by 
2005.   It  could  be  increased  to  incorporate  additional  non-fossil 
generation  capacity  of  any  type  that  could  be  provided  by  2005; 
hydro,  nuclear,  wind,  photovoltaic,  fuel  cells,  tidal, 
geothermal,  etc.   But  these  additions  are  not  needed  for  the 
analysis. 

The  fossil  fueled  generation  capacity  needed  to  supply  the 
revised  growth  in  demand  for  electricity,  as  estimated  in 
Exhibit  3.6,  is  125  PJ  of  primary  energy.   The  fossil  fueled 
generation  capacity  in  operation  in  1988  was  966  PJ  of  primary 
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EXHIBIT  3.7: 


POTENTIAL  CARBON  DIOXIDE  REDUCTIONS  DDE  TO 
REPLACEMENT  OF  FOSSIL  FIRED  GENERATION  WITH  NON- 
FOSSIL  GENERATION 


Measures 
Economically 

Attractive 
to  Societv 

Technical 
Potential 

Proposed  additions  to  non-fossil 
generation  capacity  1988-2005  from 
IFSD  (PJ) 

-  hydro 

-  nuclear 

-  total 

372 

1.294 
1,666 

372 
1,2?4 
1,666 

Estimated  non-fossil  additions  to 
supply  the  revised  growth  in  demand 
for  electricity  1988-2005  from 
Exhibit  3.6  (PJ) 

-  hydro 

-  nuclear 

-  total 

Non-fossil  capacity  available  to 
displace  existing  or  planned  fossil 
generation  capacity  (PJ) 

Fossil  fueled  capacity  additions  needed 
to  supply  the  revised  growth  in  demand 
for  electricity  1988-2005  from 
Exhibit  3.6  (PJ) 

-  coal 

-  other  fossil 

-  total 


48 

Nil 

168 

Ni; 

216 

Nil 

1,450 


101 
125 


1,666 


Nil 

ttil 
Nil 


Existing  (1988)  fossil  fuel  generation 
capacity  from  IFSD  (PJ) 

-  coal  750 

-  other  fossil  216 

-  total  966 

Reduced  requirement  for  fossil  fueled 

generation  due  to  lower  demand  for 

electricity  (PJ)  Nil 

Total  fossil  fueled  capacity  expected 

to  be  needed  to  serve  revised  energy 

demands  (PJ)  1,091 

Surplus  of  potentially  available 

non-fossil  fueled  generation  (PJ)  359 

Carbon  dioxide  emissions  reduction  due 

to  reduced  need  for  existing  fossil  fueled 

generation  (millions  of  tonnes/yr)  Nil 

Carbon  dioxide  emissions  reduction  due  to 

displacement  of  new  fossil  fueled 

generation  (millions  of  tonnes/year)  12 

Carbon  dioxide  emissions  reduction  due  to 
replacement  of  existing  fossil  fueled 
generation  (millions  of  tonnes)  30 

Total  carbon  dioxide  emissions  reduction 

due  to  replacement  of  fossil  fueled 

generation  (millions  of  tonnes/yr)  42 


750 
116 
966 


-6 


960 


706 


0.5 


Nil 


84.5 
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energy.   Thus,  the  total  fossil  fueled  generation  capacity  that 
would  be  in  place  by  2005  is  1,091  PJ. 

As  Exhibit  3.7  shows,  a  total  of  1,450  PJ  of  non-fossil 
generation  is  potentially  available  to  displace  this  1,091  PJ  of 
fossil  fueled  generation.   In  other,  words  all  proposed  and 
existing  fossil  fueled  generation  could  be  displaced  by 
non-fossil  generation  without  using  the  non-fossil  generation 
forecast  by  the  IFSD  model  to  be  available  by  2005. 

Carbon  Dioxide  Emissions  Reduction 

The  carbon  dioxide  emissions  reduction  must  be  considered 
separately  for  two  situations: 

.  substitution  for  new  fossil  fueled  generation;   and 
.  replacement  of  existing  fossil  fueled  generation. 

The  125  PJ  of  new  fossil  fueled  generation  is  not  yet  built. 
Building  an  equivalent  amount  of  non-fossil  generation  imposes  no 
additional  economic  burden  on  society.   Substituting  non-fossil 
generation  for  this  new  fossil  fueled  generation  would  avoid  any 
growth  in  carbon  dioxide  emissions  due  to  electricity  generation. 
Hence  the  carbon  dioxide  emissions  reduction  is  the  forecast 
growth  in  emissions  due  to  electricity  generation  (88  million 
tonnes/yr)  less  the  reduction  achieved  through  improved 
electrical  efficiency  (76  million  tonnes/yr)  or  12  million  tonnes 
per  year. 

Replacement  of  all  existing  fossil  fueled  generation  by  new 
non-fossil  generation  would  reduce  the  1988  emissions  of  carbon 
dioxide  due  to  electricity  generation  (85  million  tonnes)  to 
zero.   Hence,  the  maximum  carbon  dioxide  emissions  reduction 
potential  is  85  million  tonnes  per  year.   Many  of  the  existing 
fossil  fuel  plants  will  still  be  in  operation  in  2005.   Replacing 
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them  before  the  end  of  their  useful  life  would  impose  an  economic 
burden  on  society.   Using  a  40  year  life  for  a  fossil  fueled 
generating  station  suggests  that  roughly  35  percent  of  the 
existing  capacity  will  be  replaced  by  2005.   The  fossil  fueled 
facilities  that  need  to  be  replaced  can  be  replaced  by  non-fossil 
generation  at  no  net  cost  to  society.   Hence  the  MEAS  estimate  of 
the  carbon  dioxide  emissions  reduction  due  to  replacement  of 
existing  fossil  fueled  generation  is  (35%  of  85)  30  million 
tonnes  per  year. 

The  total  carbon  dioxide  emissions  reduction  achievable  through 
measures  economically  attractive  to  society  is  42  million  tonnes 
per  year. 

3.5.3   Technical  Potential 

Impact  of  Reduced  Demand  for  Electricity 

The  technical  potential  scenario  yields  a  reduction  in  secondary 
demand  for  electricity  (803  PJ)  that  is  greater  than  the  forecast 
growth  in  secondary  demand  (794  PJ) .   The  balance  (9  PJ) , 
adjusted  for  transmission  losses,  represents  a  primary  demand  of 
29  PJ.   This  amount  of  existing  generation  capacity  could  be  shut 
down. 

Assuming  that  the  29  PJ  of  capacity  shut  down  represents  a  cross- 
section  of  the  existing  4,852  PJ  of  electrical  generation 
capacity,  it  represents  6  PJ  of  fossil  fired  capacity  responsible 
for  approximately  0.5  million  tonnes  of  carbon  dioxide  emissions 
annually. 

Replacement  of  Existing  Fossil  Fueled  Generation 

As  shown  in  Exhibit  3.7  the  IFSD  model  forecast  additions  to 
non-fossil  generation  capacity  of  1,666  PJ  between  1988  and  2005. 
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The  existing  fossil  fuel  generation  capacity  is  966  PJ.   After 
adjusting  for  the  portion  that  could  be  shut  down  due  to 
reductions  in  demand,  the  fossil  fueled  capacity  is  960  PJ.   In 
short,  the  forecast  nuclear  and  hydro  capacity  additions  are  more 
than  enough  to  displace  all  existing  fossil  capacity. 

Replacing  existing  fossil  fueled  generating  stations  with  new 
non-fossil  fueled  generation  reduces  the  carbon  dioxide  emissions 
due  to  electricity  generation  to  zero.   Hence  the  carbon  dioxide 
emissions  reduction  achieved  by  this  process  is  the  existing 
emissions  (85  million  tonnes/yr)  less  the  savings  due  to  the 
demand  reductions  (0.5  million  tonnes/yr)  or  84.5  million  tonnes 
per  year. 

Social  Cost  of  Replacing  Existing  Fossil  Fueled  Generation 

The  social  cost  of  replacing  existing  fossil  fueled  generation 
with  new  non-fossil  generation  is  the  cost  of  advancing  the 
replacement  dates  of  those  stations.   The  real  cost  of 
electricity  generated  using  new  non-fossil  generation  will  be 
approximately  the  same  as  that  generated  by  existing  fossil 
fueled  stations.   Hence,  the  net  cost  is  the  cost  of  replacing 
the  existing  stations  before  the  end  of  their  useful  lives. 

To  estimate  this  cost  it  is  assumed  that  half  the  useful  life  of 
each  existing  fossil  fueled  generation  station  is  lost  and  that 
the  opportunity  cost  of  this  capacity  is  equal  to  the  cost  of  new 
fossil  fueled  capacity,  approximately  $2,000  per  kW.   The  960  PJ 
of  primary  energy  that  would  be  replaced  represents,  after 
allowing  for  reserve  margins  and  average  utilization,  about 
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15,000  MW  of  generation  capacity.14   The  social  cost  of  replacing 
this  existing  fossil  fired  capacity  is  estimated  at  $15  billion. 

Replacing  all  existing  fossil  fueled  generation  with  non-fossil 
generation  would  avoid  the  need  for  installation  of  systems  to 
reduce  sulphur  oxides  and  nitrogen  oxides  emissions.   These 
measures  are  currently  planned.   The  total  cost  of  those  controls 
is  likely  to  be  several  billion  dollars.   Avoiding  the  costs  of 
SOx  and  NOx  abatement  measures  reduces  the  $15  billion  dollar 
cost  for  carbon  dioxide  abatement.   However,  in  the  absence  of 
data  on  aggregate  SOx  and  N0X  abatement  costs,  the  estimate  of 
$15  billion  for  carbon  dioxide  abatement  will  be  used. 

Substitution  of  Electricity  for  Fossil  Fuels 

Further  reductions  in  carbon  dioxide  emissions  can  be  achieved  by 
substituting  non-fossil  generated  electricity  for  fossil  fuels  in 
the  end  use  sectors.   For  example,  the  balance  of  the  forecast 
growth  in  non-fossil  generation  capacity  (1666  -  960  =  706  PJ) 
represents  a  secondary  demand  of  approximately  215  PJ.   Assuming 
that  this  electricity  is  generated  and  displaces  an  equivalent 
amount  of  fossil  fuel  in  the  residential,  commercial  or 
industrial  sectors,  the  reduction  in  carbon  dioxide  emissions 
would  be  between  10  and  20  million  tonnes  annually  depending  upon 
the  specific  fuel  displaced. 


14    The  installed  thermal  generation  capacity  in  Canada  is 
just  over  31,000  MW.   In  principle  all  existing  thermal 
capacity  would  be  replaced.   The  discrepancy  between 
the  installed  capacity  of  31,000  MW  and  the  replacement 
capacity  is  at  least  partly  explained  by  the  inclusion 
of  mothballed  plants,  remote  generation,  peaking 
capacity  and  lower  demand.   Without  a  detailed  analysis 
it  is  impossible  to  say  whether  these  factors  explain 
the  entire  difference.   However,  the  $15  billion 
replacement  cost  is  conservative  because  it  is  not 
reduced  by  the  savings  on  S0X  and  N0X  controls. 
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This  is  a  costly  option  because  it  requires  construction  of 
additional  generation  capacity  to  displace  fossil  fuels.   It  is 
not  analysed  further  because  the  measures  already  identified  are 
sufficient  to  meet  the  abatement  target. 

3.5.4   Electricity  Generation  Measures 

An  extensive  list  of  technologies  that  have  the  potential  to 
reduce  carbon  dioxide  emissions  associated  with  the  generation  of 
electricity  is  presented  in  Appendix  E.   The  list  includes: 

.  more  efficient  fossil  fueled  generation  technologies  such  as 
fluidized  bed  and  combined  cycle  technologies; 

.  non-fossil  generation  technologies  such  as  wind, 

photovoltaic,  tidal,  ocean,  geothermal,  fuel  cells,  etc; 

.  more  efficient  transmission  technologies; 

.  energy  storage  technologies;   and 

.  carbon  dioxide  removal  technologies. 

A  number  of  these  technologies  are  expected  to  be  commercially 
available  and  economically  competitive,  at  least  in  some 
applications,  by  2005. 

As  is  clear  from  the  analysis  presented  above,  these  technologies 
are  not  critical  abatement  strategy  at  the  national  level  by 
2005.   Some  regions,  as  will  be  seen  below,  can  be  expected  to 
encounter  difficulties  reaching  a  proportionate  share  of  the 
carbon  dioxide  abatement  target  because  of  their  mix  of 
electrical  generation.   The  technologies  noted  above  will  offer 
those  provinces  more  options. 
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After  2005  further  reductions  in  carbon  dioxide  emissions  will 
increasingly  come  from  substitution  of  non-fossil  electricity  for 
fossil  fuels.   Many  of  the  electricity  generation  technologies 
identified  will  play  a  greater  role  as  that  process  becomes  more 
important . 

3 . 6   Summary  of  Carbon  Dioxide  Reduction  Potential 

The  estimates  of  carbon  dioxide  reduction  potential  are 
summarized  in  Exhibit  3.8.   The  technical  potential  exceeds  the 
Toronto  Climate  Conference  reduction  target  regardless  of  the 
specific  value  chosen  for  that  target.   The  measures  economically 
attractive  to  society  achieve  65  to  75  percent  of  the  carbon 
dioxide  emissions  reduction  target.   The  market  penetration  may 
already  be  reflected  in  the  energy  demand  forecast.   Even  if  the 
market  penetration  scenario  is  not  implicit  in  the  energy 
forecast,  it  achieves  less  than  15  percent  of  the  recommended 
target  for  carbon  dioxide  emissions. 

The  finding  that  energy  conservation  measures  offer  the  greatest 
potential  for  reduction  of  carbon  dioxide  emissions  over  the 
period  to  2005  is  consistent  with  U.S.  findings.15  Exhibit  3.8 
shows  that  energy  conservation  measures,  including  conservation 
of  electricity,  account  for  75  to  80  percent  of  the  total  carbon 


15    J. A.  Edmonds,  W.B.  Ashton,  H.C.  Cheng  and  M.  Steinberg, 
"A  Preliminary  Analysis  of  U.S.  C02  Emissions  Reduction 
Potential  from  Energy  Conservation  and  the  Substitution 
of  Natural  Gas  for  Coal  in  the  Period  to  2010",  U.S. 
Department  of  Energy,  February  1989.   The  study 
concludes  that  larger  contributions  to  C02  emissions 
reduction  appear  to  be  available  through  energy 
conservation  than  through  substitution  of  natural  gas 
for  coal.   Our  results  indicate  that  conservation 
measures  (including  conservation  of  electricity) 
accounts  for  roughly  75%  of  the  total  C02  emissions 
reduction.   The  relative  magnitudes  of  the  reductions 
due  to  conservation  and  substitution  are  consistent 
with  the  above  study. 
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EXHIBIT  3.8: 


OVERALL  SUMMARY  CO,  EMISSIONS 


(Millions  of  Tonnes  Annually  By  2005) 


Market 
Penetration 


Measures 

Economically 

Attractive 

to  Society 


Technical 
Potential 


Savings  due  to  energy 
efficiency  measures 

Savings  due  to 
demand-side  management 
measures 

Savings  due  to 
replacement  of  existing 
and  future  fossil-fired 
electricity  generation 
with  non-fossil  generation 


31 


20 


103 


76 


42 


177 


88 


85 


Total  Reduction 


51 


221 


350 


Toronto  Climate  Conference 

Reduction  Target    291-342 


291-342 


291-342 
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dioxide  emissions  reduction.   The  balance  of  the  emissions 
reduction  is  achieved  through  substitution  for  fossil  fuels 
primarily  in  the  generation  of  electricity.   The  relative 
magnitudes  of  these  sources  of  carbon  dioxide  emissions 
reductions  are  also  consistent  with  American  findings. 

The  conclusion  is  clear.   The  Toronto  Climate  Conference  target 
can  be  achieved,  but  only  by  doing  virtually  everything  that  is 
technically  feasible.   On  the  other  hand  most  measures  that  need 
to  be  implemented  to  achieve  the  target  are  economically 
attractive  from  the  perspective  of  Canadian  society.   Although 
most  measures  are  economically  attractive  from  society's 
perspective  they  can  be  expected  to  be  difficult  to  implement  in 
the  market  place.   This  is  reflected  in  the  relatively  small 
reduction  achieved  under  the  market  penetration  scenario. 

3.7   Costs  of  Reduced  Carbon  Dioxide  Emissions 

Most  of  the  measures  selected  as  being  cost-effective  means  of 
reducing  carbon  dioxide  emissions  improve  the  efficiency  of 
energy  use.   In  many  of  these  cases,  the  value  of  the  energy 
saved  over  the  life  of  the  measure  exceeds  the  initial 
investment  required.   As  a  result,  the  net  cost  of  the  measure  is 
negative.   In  other  words,  most  of  the  measures  selected  reduce 
carbon  dioxide  emissions,  save  energy  and  save  money. 

The  total  "cost"  associated  with  the  carbon  dioxide  emission 
reduction  measures  in  each  penetration  scenario  is  as  follows: 
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Total  Cost  Savings  Resulting 

from  Implementation  of  Carbon 

Dioxide  Abatement  Measures 

(billions  of  1988  $) 

Measures 
Market           Economically  Technical 
Penetration        Attractive  Potential 
to  Society  

-$42  -$150  -$99 

Implementing  the  measures  economically  attractive  to  society 
yields  a  net  benefit  of  $150  billion  dollars  on  the  basis  of 
energy  savings  alone.   No  monetary  value  has  been  assigned  to  the 
carbon  dioxide  emissions  reduction.   The  economic  benefit  to 
society  under  the  technical  potential  scenario  is  smaller; 
$99  billion.   This  is  because  measures  with  a  net  cost  to  society 
are  assumed  to  be  implemented  to  achieve  a  larger  reduction  in 
carbon  dioxide  emissions.   In  effect  the  cost  of  the  additional 
carbon  dioxide  reductions  is  $395  per  tonne  of  reduced  annual 
emissions.16   It  is  important  to  note  however,  that  the  technical 
potential  scenario  still  yields  a  significant  economic  benefit  to 
society. 

The  economic  benefits  associated  with  lower  carbon  dioxide 
emissions  can  not  be  achieved  without  significant  investment. 
The  measures  are  analysed  in  terms  of  the  incremental  capital 
cost  needed  to  capture  the  reduced  carbon  dioxide  emissions;   the 
incremental  cost  of  a  more  energy  efficient  automobile  assuming 
that  a  new  automobile  is  to  be  purchased  in  any  case.   The 
incremental  capital  investments  needed  to  reduce  carbon  dioxide 


16   Cost  of  $150  -  $99  =  $51  billion  yield  emissions 

reductions  of  350-221  =  129  million  tonnes  per  year. 
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emissions  and  reap  the  associated  economic  benefits  are  estimated 
as  follows: 

Measures 
Market           Economically  Technical 
Penetration        Attractive  Potential 
to  Society 

(billions  of  1988  dollars) 

$23  $74  $128 

3.8  Reduced  Emissions  of  Other  Gases 

The  reduced  emissions  of  other  greenhouse  gases  due  to 
implementation  of  the  specified  carbon  dioxide  abatement  measures 
are  shown  in  Exhibit  3.9. 

The  reductions  in  the  volumes  of  other  gases  are  smaller  than 
those  of  carbon  dioxide.   This  simply  reflects  the  proportions  of 
the  various  gases  emitted  by  combustion  of  fossil  fuels.   Carbon 
monoxide  emissions  are  dominated  by  the  transportation  sector, 
which  is  responsible  for  about  80  percent  of  those  emissions. 

The  carbon  dioxide  equivalence  reflects  the  combined  carbon 
dioxide  and  methane  emissions  reductions.   Emissions  factors  for 
nitrous  oxide  are  not  available  and  the  other  gases  are  not, 
strictly  speaking,  greenhouse  gases.   Although  the  methane 
emissions  are  small,  it  is  55  times  as  potent  as  carbon  dioxide 
on  a  unit  weight  basis.   Adding  the  combustion  related  emissions 
of  methane  to  the  emissions  of  carbon  dioxide  raises  the  overall 
impact  by  less  than  0.01  percent. 

The  electrical  generation  sector  is  the  dominant  source  of 
reductions  of  nitrogen  oxides  emissions,  accounting  for  roughly 
70  percent  of  the  total.   The  other  major  contributor  to  nitrogen 
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EXHIBIT  3.9:    REDUCED  EMISSIONS  OF  OTHER  GASES  DUE  TO 

IMPLEMENTATION  OF  CARBON  DIOXIDE  ABATEMENT 
MEASURES 


(Thousands  of  Tonnes  Per  Year) 


C02 

CO 

CH4 

co2 
Equivalence 

NOx 

Technical  Potential 

Residential 

19,581 

3 

1 

19,638 

16 

Multi-residential 

6,080 

1 

* 

6,086 

5 

Commercial 

24,546 

5 

* 

24,573 

21 

Industrial 

87,152 

9 

1 

39,762 

57 

Transportation 

39,702 

173 

* 

87,152 

198 

Electricity 

Generation 

173,696 

32 

1 
4 

173,765 

618 

Total 

350,757 

223 

350,976 

915 

Measures  Economical 

IX 

Attractive  to  Socie 

ty. 

Residential 

10,301 

2 

1 

10,301 

8 

Multi-residential 

4,382 

1 

* 

4,382 

4 

Commercial 

11,656 

2 

* 

11,668 

10 

Industrial 

9,323 

2 

* 

9,339 

17 

Transportation 

67,833 

127 

* 

67,833 

139 

Electricity 

Generation 

118,264 

22 

* 

118,284 

422 

Total  221,759    156        2      221,807        600 

Market  Penetration 


Residential 

3, 

,433 

1 

* 

3,433 

3 

Multi-residential 

1, 

,519 

* 

* 

1,519 

1 

Commercial 

4, 

,194 

1 

* 

4,199 

4 

Industrial 

4, 

,493 

1 

* 

4,500 

7 

Transportation 

17, 

,771 

30 

* 

17,771 

40 

Electricity  Generation 

— 

- 

— 

• 

~ 

Total  31,410     33        *       31,422         55 


Notes:   *  =  less  than  500  tonnes  per  year. 
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oxides  reduction  is  the  transportation  sector  which  is  the 
source  of  about  20  percent  of  the  NOx  emissions  reduction. 

3 . 9  Effect  on  Tropospheric  Ozone 

Tropospheric  ozone  is  a  greenhouse  gas.   It  is  synthesized  in  the 
troposphere  through  photochemical  reactions  involving  nitrogen 
oxide  (NOx) ,  water  vapour  and  gaseous  hydrocarbons.   There  is  a 
consensus  that  NOx  plays  a  pivotal  role  in  the  formation  of  ozone 
in  the  troposphere. 

A  relationship  between  NOx  emissions  and  tropospheric  ozone 
formation  is  developed  in  Appendix  D.   A  two  part  reduction  in 
total  NOx  emissions  to  the  troposphere  is  estimated  to  result  in 
a  one  to  two  part  reduction  in  tropospheric  ozone  concentrations. 
Based  upon  that  relationship,  the  estimated  changes  in  NOx 
emissions  on  tropospheric  ozone  concentrations  are  estimated  in 
Exhibit  3.10.   The  tropospheric  ozone  concentrations  rise  from 
the  current  20  to  100  parts  per  billion/volume  to  27  to  134  parts 
per  billion/volume  under  the  market  penetration  scenario. 

Tropospheric  ozone  concentrations  fall  slightly  to  19  to  94  parts 
per  billion/volume  with  the  measures  economically  attractive  to 
society.   The  technical  potential  scenario  reduces  tropospheric 
ozone  concentrations  to  14  to  68  parts  per  billion/volume. 

3 . 10  Regional  Impacts 

The  overwhelming  majority  of  the  measures  that  would  need  to  be 
implemented  are  economically  attractive  from  a  social 
perspective.   And  implementing  all  of  the  measures  included  as 
part  of  the  technical  potential  still  yields  a  net  economic 
benefit  to  society.   Thus  there  should  be  net  economic  benefits 
to  all  regions  as  a  result  of  implementing  the  carbon  dioxide 
abatement  measures. 
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EXHIBIT  3.10: 


IMPACT  OF  CARBON  DIOXIDE  ABATEMENT  MEASURES  ON 
TROPOSPHERIC  OZONE  CONCENTRATION 


Market       Measures      Technical 
Penetration   Economically    Potential 
Attractive 
To  Society 


NOx  emissions  due  to 
fossil  fuel  combustion, 
1988  (000  tonnes) 

N0X  emissions  due  to 
fossil  fuel  combustion, 
2005  (000  tonnes) 


853 


1,377 


N0X  emissions  reduction 

due  to  carbon  dioxide  55 

emissions  abatement 

measures  (000  tonnes) 

N0X  emissions  reduction 
due  to  substitution  of 
non-fossil  generation  for     Nil 
fossil  fueled  electrical 
generation  (000  tonnes) 

Revised  N0X  emissions 

due  to  fossil  fuel  1,322 

combustion  2005 

(000  tonnes) 

Change  in  NOx  emissions     +  55% 
from  1988 

Change  in  ozone  formation   +  34% 

Tropospheric  ozone 
concentrations  in  2005     27-134 
(parts  per  billion/volume) 


853 

1,377 
178 

422 

777 

-  9% 

-  6% 
19-94 


853 


1,377 


297 


618 


462 


-  46% 


-  33% 


14-68 


Notes:   Assumes  that  the  change  in  N0X  emissions  occurs  on  a 
global  basis 
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3.10.1  Distribution  of  Impacts  of  Measures  Aimed  at  the  End  Use 
Sectors 

The  residential,  commercial  and  transportation  sectors  are 
distributed  roughly  according  to  population.   For  that  reason  the 
economic  benefits  of  implementing  the  carbon  dioxide  abatement 
measures  can  be  expected  to  be  distributed  roughly  in  accordance 
with  population. 

That  will  not  be  strictly  true  because  commercial  floor  space  and 
transportation  activity  may  not  have  precisely  the  same 
distribution  as  the  population.   In  addition  the  condition  of  the 
building  stock  and  climatic  conditions  vary  across  the  country. 

Single  detached  houses  on  the  prairies  have  the  highest  space 
heating  loads  because  of  climatic  conditions  and  the  lowest 
economic  retrofit  potential.17   Single  detached  homes  in  the 
Atlantic  region  have  the  highest  economic  retrofit  potential. 
Variations  of  this  sort  are  likely  to  exist  in  the  multi- 
residential  and  commercial  sectors  as  well.   They  give  rise  to 
small  differences  between  the  distribution  of  population  and  the 
distribution  of  benefits  by  region. 

Canadian  industry  is  concentrated  in  southern  Ontario  and  Quebec. 
The  measures  specified  for  the  industrial  sector  are  economically 
attractive  from  a  social  perspective.   Implementation  of  those 
measures  should  therefore  be  beneficial.   Tracing  the 
distribution  of  benefits  guickly  runs  into  complexities  well 
beyond  the  scope  of  this  analysis. 


17    Energy,  Mines  and  Resources  Canada,  Updated  Analysis  of 
Thermal  Retrofit  in  the  Canadian  Residential  Sector, 
James  F.  Hickling  Management  Consultants  Ltd., 
March  1988. 
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Depending  upon  the  industry  structure,  the  benefits  that  result 
from  implementation  of  the  carbon  dioxide  abatement  measures  take 
the  form  of  lower  prices  to  consumers  or  higher  profits  for  the 
firms.   Lower  prices  benefit  the  consumers,  who  are  generally 
more  widely  distributed  than  the  areas  where  industry  is 
concentrated.   Higher  profits  may  lead  to  higher  wages  or  greater 
returns  to  shareholders.   To  the  extent  that  benefits  lead  to 
higher  wages  they  will  be  concentrated  where  the  industries  are 
located.   Higher  returns  to  shareholders  are  likely  to  be  more 
widely  distributed  because  direct  and  indirect  (via  mutual  funds, 
insurance  policies,  etc)  share  ownership  is  dispersed  across  the 
country. 

Measures  that  reduce  the  demand  for  electricity  are  economically 
attractive  and  capable  of  implementation  in  all  parts  of  the 
country.   The  benefits  should  be  proportionally  higher  in  areas 
where  electricity  prices  are  higher. 

3.10.2  Impacts  of  Measures  Aimed  at  Electricity  Generation 

An  analysis  of  the  regional  impacts  of  carbon  dioxide  emissions 
reduction  on  electrical  generation  is  shown  in  Exhibit  3.11.   The 
analysis  is  based  on  the  technical  potential  case  and  uses  a 
national  emissions  reduction  target  of  291  million  tonnes. 

Each  region  has  a  carbon  dioxide  emissions  reduction  target  based 
on  reaching  80  percent  of  its  1988  emissions  by  2005.   Direct 
reductions  in  carbon  dioxide  emissions  equivalent  to  the  national 
average  are  assumed  to  be  achieved  in  each  region.   In  other 
words,  each  regional  reduces  fossil  fuel  use  in  the  residential 
and  commercial  sectors  by  45  percent,  in  the  industrial  sector  by 
2  4  percent  and  in  the  transportation  sector  by  4  9  percent  by 
2005.   The  carbon  dioxide  emissions  reduction  estimated  for  each 
region  reflects  the  projected  mix  of  fossil  fuels  used  by  each 
sector  in  that  region  in  2005. 
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The  direct  carbon  dioxide  emissions  reduction  is  subtracted  from 
the  target  reduction  to  get  the  amount  by  which  emissions  due  to 
electrical  generation  must  be  reduced  if  the  target  is  to  be  met. 
The  estimated  carbon  dioxide  emissions  due  to  the  generation  of 
electricity  in  each  region  in  2005  are  reduced  by  this  figure. 
That  leaves  the  "allowable"  carbon  dioxide  emissions  for  the 
electrical  generation  sector  in  each  region. 

Quebec  has  negative  allowable  emissions.   In  other  words,  Quebec 
could  not  meet  the  carbon  dioxide  emissions  reduction  target  in 
the  manner  outlined.   It  would  need  to  achieve  higher  rates  of 
direct  carbon  dioxide  emissions  reductions  in  the  end  use  sectors 
probably  by  substituting  non-fossil  electricity  for  fossil  fuels. 
Manitoba  and  British  Columbia  are  just  able  to  meet  their 
targets. 

This  analysis  is  based  on  a  national  reduction  target  of 
291  million  tonnes  per  year.   If  a  target  of  342  million  tonnes 
per  year  were  used,  Manitoba,  British  Columbia  and  Ontario  would 
all  be  in  the  same  situation  as  Quebec. 

The  carbon  dioxide  emissions  due  to  electrical  generation  are 
estimated  after  taking  account  of  the  potential  for: 

.  reducing  the  demand  for  electricity;   and 
.  substituting  non-fossil  generation  for  fossil  fueled 
generation. 

First  the  forecast  secondary  demand  for  electricity  in  2  005  is 
reduced  by  the  estimated  potential  for  demand-side  management. 
The  forecast  demand  for  electricity  in  2005  is  reduced  by 
4  6  percent  in  the  residential  and  commercial  sectors  and  by 
25  percent  in  the  industrial  sector  in  each  region.   The  added 
load  for  real  electrification  is  allocated  to  Ontario  (83%)  and 
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Quebec  (17%) .   The  revised  secondary  demand  for  electricity  in 
2005  is  below  the  1988  figure  in  every  region  except  Ontario. 

The  revised  secondary  demand  is  adjusted  for  transmission  losses 
using  factors  specific  to  each  region.   The  demand  for 
electricity  is  then  expressed  as  a  primary  demand,  again  on  a 
regional  basis. 

The  primary  demand  for  electricity  is  compared  to  the  IFSD  model 
forecast  of  non-fossil  generation  capacity  available  by  2005.   In 
all  regions,  except  the  Atlantic,  Saskatchewan  and  Alberta,  the 
forecast  non-fossil  capacity  is  more  than  sufficient  to  meet  the 
total  revised  demand  for  electricity.   As  a  result  all  existing 
fossil  fired  generation  capacity  could  be  displaced  except  in 
Alberta,  Saskatchewan  and  the  Atlantic.   Even  in  those  three 
regions  significant  reductions  in  existing  fossil  fueled 
generation  are  possible. 

Finally,  the  carbon  dioxide  emissions  from  the  required  fossil 
fueled  generation  capacity  are  estimated  and  compared  to  the 
"allowable"  emissions  for  the  Atlantic,  Saskatchewan  and  Alberta. 
The  "allowable"  emissions  are  exceeded  by  Saskatchewan  and 
Alberta. 

Both  provinces  could  meet  their  target  by  using  combined  cycle 
coal  and/or  natural  gas  for  generation  of  electricity.   They 
could  also  examine  sources  of  non-fossil  generation  other  than 
those  covered  by  the  IFSD  model .   Or  they  could  purchase 
non-fossil  electricity  from  neighbouring  provinces.   Saskatchewan 
and  Alberta  may  also  have  opportunities  to  reduce  carbon  dioxide 
emissions  in  the  production  of  fossil  fuels,  or  their  use  as 
feedstocks  which  were  beyond  the  scope  of  this  study. 


68 
3.11  Beyond  2005 

The  measures  identified  as  being  capable  of  implementation  by 
2  005  involve  significant  improvements  in  energy  efficiency  and  a 
considerable  expansion  of  hydroelectric  generation  capacity. 
What  can  be  done  after  2  005  to  achieve  further  reductions  in 
carbon  dioxide  emissions? 

Further  improvements  in  energy  efficiency  should  be  possible  but 
the  gains  are  likely  to  be  substantially  smaller  than  those 
projected  for  the  period  to  2005.   The  smaller  gains  result  from 
the  fact  that  the  measures  proposed  involve  efficient  new  stocks 
of  energy-using  equipment  and  extensive  retrofits  of  existing 
stocks  of  energy-using  facilities  and  equipment.   Hence,  even 
with  continuing  improvements  in  the  energy  efficiency  of  new 
facilities  and  equipment  the  potential  for  retrofit  after  2005 
will  be  limited  and  the  net  gains  upon  replacement  of  existing 
stock  after  2005  will  be  smaller. 

After  2  005  the  carbon  dioxide  abatement  strategy  will  need  to 
shift  somewhat.   Non-fossil  electricity  will  need  to  be 
substituted  for  fossil  fuels  in  the  end  use  sectors  to  offset  the 
declining  contribution  of  improved  energy  efficiency.   The  most 
likely  candidates  appear  to  be  hydroelectric  and  nuclear  as 
proven  large  generation  sources  and  (in  no  particular  order) 
solar,  nuclear,  wind,  fuel  cells,  biomass  on  a  sustainable 
production  basis,  and  possibly  nuclear  fusion. 

The  hydroelectric  potential  anticipated  to  be  developed  by  2005 
does  not  exhaust  that  resource.   Canada  is  estimated  to  have 
about  50,000  MW  of  hydroelectric  capacity  considered  likely  to  be 
suitable  for  future  development.   Much  of  this  potential  has  a 
low  head  (less  than  40  m)  and  most  of  the  rest  is  at  relatively 
remote  sites.   Substantial  additional  potential  has  been 
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identified  as  being  technically  feasible,  but  with  economic  or 
environmental  difficulties.18 

Realistically,  hydroelectric  power  is  unlikely  to  be  able  to 
make  a  much  larger  contribution  to  carbon  dioxide  emissions 
abatement  after  2  005  than  the  roughly  2  0  percent  share  of  overall 
reductions  it  could  contribute  before  2005. 

Nuclear  power  is  far  less  constrained  by  geographic 
considerations.   Public  concerns  over  the  safety  of  nuclear 
generating  stations  and  the  permanent  disposal  of  radioative 
wastes  have  greatly  curtailed  the  construction  of  new  nuclear 
generating  stations.   The  only  new  nuclear  generating  station 
anticipated  by  the  analysis  is  Ontario  Hydro's  Darlington 
station  which  is  expected  to  begin  operation  in  the  early  1990' s . 

Research,  development  and  demonstration  of  non-fossil  generation 
technologies  is  needed  over  the  next  15  years  to  enhance  the 
prospect  of  their  becoming  commercially  available  in  the  future. 


18   Electric  Power  in  Canada  1987,  Energy,  Mines  and 
Resources  Canada,  pp  83,  84. 


4.0   REDUCTION  OF  CFC  AND  FUGITIVE  METHANE  EMISSIONS 


4.1   Chlorofluorocarbons  and  Climate  Warming 

Chlorofluorocarbons  (CFCs)  contribute  to  climate  warming  in  two 
ways: 

.  CFCs  destroy  stratospheric  ozone  which  inhibits  climate 

warming;   and 
.  CFCs  contribute  directly  to  climate  warming. 

These  effects  are  discussed  below. 

4.1.1  Ozone  Depletion 

Stratospheric  ozone  is  a  thin  layer  of  gas  15  to  35  kilometers 
above  the  surface  that  protects  the  Earth  from  ultraviolet 
radiation.   In  1972  NASA  undertook  to  study  the  effect  of 
chlorine  compounds  emitted  by  space  shuttles  on  stratospheric 
ozone.   That  study  found  that  large  amounts  were  being  released 
into  the  atmosphere  through  the  use  of  such  products  as  foams, 
refrigerants,  air  conditioners,  and  aerosols.   It  demonstrated 
that  one  chlorofluorocarbon  (CFC)  molecule  had  the  potential  to 
destroy  thousands  of  ozone  molecules. 

In  the  past  decade,  a  shift  has  been  recorded  in  the  vertical 
distribution  of  ozone.   The  amount  of  ozone  is  decreasing  in  the 
stratosphere,  but  increasing  in  the  troposphere.   A  thinner 
stratospheric  ozone  layer  allows  more  ultraviolet  radiation  to 
reach  the  Earth's  surface.   This  warms  the  surface  and  increases 
the  amount  of  heat  that  must  be  radiated  back  into  space. 
Tropospheric  ozone  inhibits  the  radiation  of  heat  into  space. 
This  causes  climate  warming,  the  greenhouse  effect. 
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4.1.2   Chlorofluorocarbons  and  the  Greenhouse  Effect 

Apart  from  their  ozone  depletion  effects  chlorofluorocarbons  and 
other  halogenated  gases  are  radiatively  active  (greenhouse) 
gases.   They  absorb  and  radiate  back  to  the  Earth's  surface 
infrared  radiation  that  would  otherwise  escape  into  space. 
Molecule  for  molecule,  the  effect  of  CFCs  on  climate  warming  is 
about  10,000  times  more  powerful  than  that  of  carbon  dioxide. 

4.2   Chlorofluorocarbons  and  their  Properties 

Chlorofluorocarbons  and  halons  are  useful  in  a  wide  variety  of 
industrial  processes  because  they  are  versatile,  non-toxic, 
non-flammable  and  have  low  thermal  conductivity.19   They  replaced 
more  environmentally  hazardous  industrial  chemicals  that  were 
carcinogenic  and/or  flammable,  such  as  ammonia  in  refrigerants. 

Unfortunately,  the  stability  that  makes  halogenated  gases 
attractive  to  industry  is  one  reason  why  they  are  now  no  longer 
acceptable  for  our  environment.   They  are  so  non-reactive  that 
they  degrade  only  when  they  reach  the  stratosphere  and  are 
exposed  to  ultraviolet  radiation. 

4.2.1   Properties  of  Different  Halogenated  Gases 

Several  different  types  of  CFCs  and  halons  are  currently  used  in 
industrial  applications.   They  include: 

CFC-11  CC13F 

CFC-12  CC12F2 

CFC-113  C2C13F3 

•CFC-114  C2C13F4 


19   Halons  differ  from  CFCs  in  that  they  contain  bromine  as 
well  as  chlorine  atoms  in  their  molecular  structure. 
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CFC-115  C2C13F5 

Halon  1301        CBrF3 
Halon  1211        CF2ClBr 

These  chemicals  are  distinct  in  that  they  contain  different 
numbers  of  chlorine,  fluorine  and  bromine  atoms.   The  properties 
of  the  principal  CFCs  and  halons  are  summarized  in  Exhibit  4.1. 
The  most  widely  used  CFCs  are  CFC-12,  CFC-11  and  CFC-113  in  that 
order.   The  rate  of  growth  of  CFCs  and  halons  in  the  atmosphere 
is  generally  over  5  percent  per  year  and  for  some  gases  is  as 
high  as  2  0  percent  per  year. 

The  life  of  CFCs  and  halons  in  the  atmosphere  is  quite  long, 
being  over  100  years  in  most  cases.   Halon  1211  at  25  years  has 
the  shortest  life  span,  while  CFC-115  has  the  longest  life  span 
at  380  years.   The  impact  of  a  given  gas  is  measured  in  terms  of 
its  ozone  depletion  potential  and  its  greenhouse  effect 
(radiative  activity) .   Ozone  depletion  potential  and  greenhouse 
effect  are  both  measured  relative  to  CFC-12,  the  most  common  of 
the  gases.   Halons  have  a  much  larger  ozone  depletion  potential 
than  CFCs.   The  ozone  depletion  potential  of  other  gases  and  the 
greenhouse  effects  generally  vary  by  +  40  percent  from  those  of 
CFC-12.   In  general,  the  more  chlorine  and  fluorine  and  the  fewer 
carbon  atoms  a  CFC  contains,  the  longer  it  will  last  in  the 
atmosphere  and  the  higher  will  be  its  ozone  depleting  potential. 

4.2.2   "Soft"  Chlorofluorocarbons 

Other  CFCs,  sometimes  called  "soft"  CFCs,  have  much  lower  ozone 
depleting  potentials  because  they  contain  hydrogen  in  their 
molecular  structure  and/or  do  not  contain  chlorine  or  bromine. 
CFCs  containing  hydrogen  (such  as  HCFC-22  or  HCFC-142b)  will 
react  with  hydroxyl  radicals  found  in  the  lower  atmosphere, 
thereby  degrading  more  quickly.   CFCs  which  contain  only  fluorine 
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(such  as  HCFC-134a  or  HCFC-152a)  do  not  pose  a  threat  to  the 
ozone  in  the  stratosphere. 

Although  these  soft  CFCs  have  greatly  reduced  ozone-depletion 
potentials  and  degrade  more  quickly  in  the  atmosphere,  they 
remain  greenhouse  gases.  Nonetheless,  soft  CFCs  are  considered  to 
be  important  substitutes  to  fully  halogenated  CFCs  because  they 
can  act  as  "bridging"  chemicals  until  technologies  are  developed 
which  do  not  require  such  chemicals. 

4 . 3  Use  of  Chlorof luorocarbons 

The  principal  uses  of  CFCs  in  Canada  are  summarized  in 
Exhibit  4.2.   The  largest  uses  of  CFCs  are  refrigeration  and  air 
conditioning  and  manufacture  of  foams.   Together  those 
applications  account  for  over  three-quarters  of  the  total 
consumption  of  CFCs. 

Not  all  of  the  CFCs  used  are  released  into  the  atmosphere 
immediately.   Emission  rates  vary  depending  on  the  CFC  use. 
Aerosol  emissions  occur  almost  immediately,  while  most  other  uses 
emit  CFCs  more  slowly.   For  instance,  rigid  foams  retain  CFCs 
within  the  cell  structure  and  only  release  them  when  the  product 
is  crushed.   Similarly,  CFCs  used  in  air  conditioners  and 
refrigerators  are  not  emitted  until  the  cooling  system  is  damaged 
or  the  appliance  is  destroyed.   The  same  is  true  of  halons  in 
fire  extinguishers.   These  stores  of  CFCs  are  often  referred  to 
as  "banks". 

The  nature  of  many  of  the  uses  to  which  CFCs  and  halons  are  put 
makes  it  difficult  to  estimate  emissions  as  distinct  from  use. 
However,  the  long  life  of  these  chemicals  in  the  atmosphere 
means  that  virtually  all  CFCs  and  halons  ever  produced  are  still 
present  in  "banks"  or  in  the  atmosphere. 
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EXHIBIT  4.2:    SUMMARY  OF  CPC  USAGE  IN  CANADA. 


Process  Group 

CFC  s  Used 

Total  Estimated 

Usage 
(Kilotonnes) 

CFC  Usage  Overall 
(Percent) 

Refrigeration  and 
Air  Conditioning 

-11,  -12,  -113, 
-114,  -115* 

7.5 

36.1% 

Rigid  Foams 

-11,  -12,  -113, 
-114 

6.9 

33.2% 

Flexible  Foams 

-11 

1.7 

8.2% 

Aerosol  Products 

-11,  -12,  -113, 
-114 

1.9 

9.1% 

Solvents 

-113 

2.0 

9.6% 

Other  Applications 

(Includes 

Sterilants) 

-12,  -113 

0.8 

3.8% 

Total 


20.8 


100.0% 


Source:   Commercial  Analysis  of  Chlorofluorocarbon  Applications  in  Canada, 

Project  Report  Prepared  For  Chemical  Control  Department,  Environment 
Canada,  1988. 
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Efforts  to  control  CFC  emissions  have  been  directed  primarily  at 
reducing  the  use,  and  ultimately  emissions,  of  these  compounds. 
A  second  area  of  interest  is  reducing  the  "bank"  of  halons  and 
CFCs,  although  that  often  reguires  that  a  suitable  substitute  be 
found  first. 

Fortunately,  substitutes  or  alternatives  are  available,  or  are 
expected  to  become  available,  over  the  next  5  to  8  years  for  most 
uses  of  CFCs  and  halons.   Those  substitutes,  together  with  the 
lead  time  and  the  likely  reduction  of  CFC  use  that  can  be 
achieved  are  summarized  in  Exhibit  4.3.   Overall  it  is  estimated 
that  use  of  CFCs  and  halons  can  be  reduced  by  85  percent  from 
current  levels  by  2000. 

4.4   Efforts  to  Reduce  Use  of  CFCs 

4.4.1  The  Montreal  Protocol 

The  Montreal  Protocol  is  an  international  agreement  to  limit 
emissions  of  specified  substances  that  deplete  the  ozone  layer. 
It  was  negotiated  over  a  period  of  several  years  in  a  process 
co-ordinated  by  the  United  Nations  Environment  Program.  The 
Protocol  has  been  signed  by  forty-six  nations.   Fifteen  of  these 
countries,  including  Canada,  have  ratified  it.   At  present  the 
Protocol  controls  chlorof luorocarbons  and  halons.   Specifically, 
the  Protocol  restricts  the  consumption  and  therefore  emissions 
of: 

CFC-11 

CFC-12 

CFC-113 

CFC-114 

CFC-115 

Halon  1211 

Halon  1301 
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Mechanical  mixtures  of  the  above  CFCs  are  also  restricted. 

The  schedule  for  reductions  is: 

,  Reduce  consumption  of  designated  CFCs  in  1990  to  actual 

consumption  in  198  6; 
.  Reduce  CFC  consumption  in  1994  to  80  percent  of  1986  levels; 
.  Reduce  CFC  consumption  in  1999  to  50  percent  of  1986  levels; 

and 
.  Freeze  consumption  of  halons  at  1986  levels  in  1992. 

Environment  Canada,  responsible  for  implementing  the  Protocol  in 
Canada,  will  soon  be  introducing  regulations  under  the  new 
Canadian  Environmental  Protection  Act  to  meet  these  requirements. 

4.4.2   National  Objectives 

Since  the  Montreal  Protocol  was  drafted,  the  consensus  of 
scientific  opinion  is  that  1986  emissions  of  CFCs  and  halons  must 
be  reduced  by  at  least  85  percent  to  stop  further  growth  in 
concentrations  of  CFCs  and  halons  in  the  atmosphere. 

In  recognition  of  this  new  consensus,   Environment  Canada 
announced  its  intention  to  further  reduce  emissions.   This 
includes  banning  non-essential  uses  of  CFCs  and  halons  and 
introducing  additional  control  measures  such  as  recycling, 
recapturing  and  reuse  codes  of  practice.   On  February  21,  1989, 
the  Minister  of  the  Environment  announced  that  there  would  be  an 
85  percent  reduction  in  emissions  of  ozone  depleting  substances 
in  Canada  by  1999. 

The  remaining  fifteen  percent  will  be  eliminated  by  law  as  soon 
as  safe  substitutes  are  available. 
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4.4.3  Provincial  Objectives:   Ontario  and  British  Columbia 

In  February,  1989,  Ontario  became  the  first  province  to  ban 
products  that  destroy  the  ozone  layer.   The  Environmental 
Protection  Act  will  be  amended  to  eliminate  the  manufacture  and 
use  of  CFCs  and  halons.   About  half  of  all  CFCs  and  halons 
produced  in  Canada  (about  10  kilotonnes)  are  used  in  Ontario. 

The  ban  is  to  be  introduced  in  stages.   The  first  step  is 
elimination  of  all  CFCs  used  in  aerosols  (except  prescription 
drugs)  and  in  packaging  by  July  1,  1989.   Dates  for  further 
emissions  will  be  set  later. 

Since  Ontario's  announcement,  the  province  of  British  Columbia 
has  announced  its  intention  to  introduce  a  similar  ban  on  ozone 
depleting  substances. 

4.4.4  Industry's  Response 

Industry  has  said  that  it  is  willing  to  develop  and  adopt 
technologies  that  reduce  the  emissions  of  CFCs  and  halons.   Its 
concerns  over  implementing  such  technologies  can  be  summarized  in 
three  points: 

.  Government  regulatory  action  must  be  co-ordinated  between 
international,  national  and  provincial  objectives  to  ensure 
commonality  and  competitiveness  across  markets. 

.  The  costs  of  converting  to  alternate  products  and  processes 
must  be  distributed  evenly  across  the  industry  and  such 
conversions  must  be  implemented  according  to  a  reasonable 
time  frame. 
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.  Government  must  take  a  concerted  pro-active  role  in  CFC  and 
halon  emission  reduction  to  achieve  these  first  two 
objectives. 

In  short,  it  appears  that  governments  in  Canada  are  committed  to 
significantly  reducing  use  of  CFCs  and  halons.   Industry  appears 
willing  and  able  to  implement  the  necessary  measures,  provided 
that  the  regulations  are  implemented  equitably. 

4.5  Capture  of  Fugitive  Methane  Emissions 

Fugitive  methane  emissions  from  four  sources  are  examined: 

.  open  pit  and  underground  coal  mine  operations; 

.  the  petroleum  industry; 

.  land  fill  sites;   and 

.  biogas  sources  (wastewater  systems  and  animal  waste) . 

Methane  emissions  from  each  of  these  sources  are  estimated  and  a 
judgement  is  made  as  to  the  fraction  of  those  emissions  that  are 
economically  recoverable. 

4 . 6  Coal  Mining 

4.6.1  Methane  in  Coal 

Gas  is  contained  in  coal  deposits  in  two  forms: 

.  free  gas  in  the  fissures  and  pores  of  the  coal  and  in  other 

rock;   and 
.  gas  adsorbed  on  the  internal  surface  of  the  coal. 

The  free  gas  in  fissures  and  pores  represents  a  small  fraction, 
usually  5  to  10  percent,  of  the  total  gas  content  of  coal. 
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The  greater  part  of  the  gas  contained  in  in  situ  coal  is  held  at 
the  surface  of  the  coal  pores  in  an  adsorbed  form.   The  quantity 
of  gas  adsorbed  by  the  coal  is  very  high  since  the  internal 
surface  area  of  coal  is  very  large  (of  the  order  of  9  0  square 
metres  per  gram) . 

Adsorption  is  a  reversible  physical  phenomenon.   The  reverse 
phenomenon  of  adsorption  is  called  desorption.   The  desorbable 
gas  is  the  quantity  given  off  when  the  coal  passes  from  seam 
pressure  to  atmospheric  pressure. 

The  gas  content  of  coal  depends  primarily  upon  its  rank  and 
depth.   Usually  a  low  rank  coal  has  a  lower  gas  content  than  a 
higher  ranked  coal.   A  coal  seam  lying  close  to  the  surface  is 
under  less  pressure  than  a  deeper  deposit.   As  well  the 
overburden  covering  a  shallow  deposit  allows  more  methane  to 
escape. 

Typically,  gas  from  coal  is  90  to  98  percent  methane.  The  gas 
content  of  coal  in  Canada  ranges  between  4  and  21  cubic  metres 
per  tonne. 

4.6.2  Fugitive  Methane  Generated  by  Coal  Mining 

In  1988  Canada  produced  about  70  million  tonnes  of  coal: 
66.6  million  tonnes  from  open  pit  mines  and  3.5  million  tonnes 
from  underground  mines.   This  mining  activity  generated 
approximately  500  million  cubic  metres  of  fugitive  methane. 

4.6.3  Fugitive  Methane  in  an  Underground  Mine 

Methane  has  presented  problems  in  coal  mines  for  centuries. 
Methane  is  released  when  the  confining  pressure  is  reduced  by 
mining.   The  fugitive  methane  accumulates  in  the  mine  where  it 
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mixes  with  air.   Concentrations  of  methane  in  air  of  4.5  to  14 
percent  are  explosive  and  therefore  very  dangerous. 

Typically  fugitive  methane  in  underground  mines  is  controlled 
using  extensive  ventilation  systems  that  dilute  the  methane  and 
exhaust  it  to  the  atmosphere.   As  deeper,  gassier,  seams  are 
mined  conventional  ventilation  methods  may  not  be  able  to  cope 
with  the  methane  emitted.   In  such  cases  methane  is  collected  by 
a  closed  drainage  system  which  delivers  fairly  concentrated 
methane  to  the  surface  where  it  is  available  for  use. 

Methane  can  be  recovered  from  the  ventilation  system  exhaust  air 
or  from  a  closed  methane  drainage  system. 

The  ventilation  system  exhaust  air  usually  contains  0.5  to 
2.0  percent  methane.   This  represents  a  large  energy  loss  in  the 
form  of  methane  vented  to  the  atmosphere  and  in  the  form  of 
energy  used  to  drive  the  ventilation  fans  for  the  large  volumes 
of  air.   The  diluted  methane  in  the  return  air  can  be  used  to 
fuel  boilers  if  they  are  located  near  the  upcast  shaft. 

A  methane  drainage  system  captures  methane  from  the  coal  seam  in 
a  high  concentration  and  delivers  it  to  the  surface  through  a 
pipeline.   The  captured  methane  does  not  contaminate  the 
ventilation  system  and  provides  for  safer  mining  conditions. 
Usually,  the  concentration  of  collected  methane  is  around  60 
percent.   The  collected  methane  becomes  fugitive  methane  if  it  is 
released  to  the  atmosphere. 

A  methane  drainage  system  was  installed  in  the  Lingan  Mine  in 
Cape  Breton  in  1985.   The  system  handles  about  90,000  cubic 
metres  of  methane  per  day.   It  cost  $3.4  million  to  install  in 
1985.   Annual  operating  costs  are  about  $300,000  and  a  further 
$300,000  per  year  is  needed  for  ongoing  capital  costs.   The 
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resulting  cost  of  the  methane  is  less  than  5  cents  per  cubic 
metre. 

Since  the  system  was  completed  in  1985  the  methane  has  been 
vented  to  the  atmosphere  because  no  market  has  been  found  for  the 
gas. 

4.6.4  Fugitive  Emissions  from  Open  Pit  Coal  Mines 

Collection  of  fugitive  methane  from  operating  open  pit  coal 
mines  is  not  feasible. 

However,  before  the  open  pit  mine  begins  operation,  collection 
of  fugitive  methane  is  possible.   At  that  time  the  coal  deposit 
is  covered  with  overburden  which  keeps  the  methane  in  place. 
Using  virgin  coal  demethanation  (VCD)  techniques,  methane  can  be 
collected  before  the  mine  starts  operation  or  the  overburden  is 
disturbed.   The  VCD  technique  accesses  the  coal  using  a  borehole 
from  the  surface.   The  gas  then  evolves  and  flows  up  the 
borehole.   Because  of  the  low  rate  of  emission  of  methane  from 
coal,  demethanation  wells  generally  have  a  low  productivity 
unless  the  coal  is  stimulated.   Several  stimulation  techniques 
are  available. 

Open  pit  coal  mines  are  usually  situated  in  remote  locations  and 
an  infrastructure  is  installed  to  provide  the  significant  amounts 
of  energy  that  such  a  mine  requires.   Some  of  this  energy 
requirement  could  be  offset  by  utilizing  the  fugitive  methane. 
The  cost  of  the  methane  recovered  from  a  virgin  coal  deposit  is 
likely  to  be  well  below  5  cents  per  cubic  metre. 

4.6.5  Marketing  Fugitive  Methane  from  Coal  Mines 

The  quality  of  fugitive  methane  recovered  from  coal  mines  is 
highly  variable.   Before  it  can  be  used  it  must  often  be 
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upgraded.   The  processing  required  depends  upon  the  market.   The 
principal  options  are: 

.  production  of  pipeline  quality  gas  with  a  nominal  heating 

value  of  37.6  MJ  per  cubic  metre; 
.  production  of  industrial  fuel  gas  with  a  nominal  heating 

value  of  about  20  to  22  MJ  per  cubic  metre;   and 
.  onsite  generation  of  electrical  power  for  sale  to  utility  or 

industrial  customers. 

These  options  have  different  production  costs.   The  best  option 
for  a  given  location  depends  upon  site  specific  factors  such  as 
proximity  to  gas  pipelines,  large  industries  and  electric  utility 
transmission  lines.   The  choice  will  also  be  affected  by  the 
price  of  natural  gas  and  the  prices  that  gas  and  electric 
utilities  are  prepared  to  pay  for  purchases  of  gas  and 
electricity. 

4.6.6   Economically  Recoverable  Fugitive  Methane  from  Coal  Mines 

Only  about  5  per  cent  of  Canada ' s  coal  comes  from  underground 
mines.   In  the  short  term  these  mines  offer  the  best  scope  for 
recovery  of  fugitive  methane.   It  can  be  recovered  from  the 
ventilation  system  return  air  or,  in  the  case  of  the  Lingan  mine, 
from  the  methane  drainage  system.   In  the  longer  term,  methane 
can  be  recovered  from  new  open  pit  mines,  or  new  parts  of 
existing  open  pit  mines,  using  virgin  coal  demethanation 
techniques. 

It  is  judged  to  be  both  technologically  and  economically  viable 
to  capture  50  percent  of  fugitive  methane  from  coal  mining 
operations  by  2005.   The  development  of  markets  for  fugitive 
methane  will  be  a  key  determinant  of  the  extent  of  methane 
capture. 
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4.7   Fugitive  Methane  in  the  Petroleum  Industry 

4.7.1  Methane  in  Natural  Gas  and  Oil  Resources 

There  is  a  significant  difference  between  methane  in  coal  and  a 
conventional  natural  gas  or  oil  reservoir.   The  methane  in  coal 
is  generated  from  the  coal  and  is  in  an  adsorbed  state,  with 
desorption  being  a  slow  process.   Natural  gas  or  oil  has  migrated 
from  the  source  rock  to,  and  has  become  compressed  in,  the 
reservoir  rock  without  any  binding  mechanism.   As  such,  the 
potential  production  rate  for  natural  gas  or  oil  is  high. 

Conventional  natural  gas  normally  has  a  methane  content  of  around 
81  percent. 

4.7.2  Fugitive  Methane  from  Natural  Gas  and  Oil  Fields 

There  are  several  reasons  for  releasing,  or  flaring,  methane 
into  the  atmosphere  (flared  gas  is  either  burned  on  release  or 
left  unburned  at  certain  lower  flow  rates) : 

.  To  establish  the  expected  production  from  a  newly  drilled 
gas  well  it  has  to  be  tested.  Testing  procedures  require 
the  release  of  gas  into  the  atmosphere  at  high  flow  rates 
sometimes  for  days  or  even  weeks. 

.  Every  producing  oil  well  produces  some  natural  gas  as  a 
by-product.   If  the  oil  well  is  not  located  close  to  a 
natural  gas  pipeline  the  gas  will  be  flared. 

.  Gas  processing  plants  provide  pipeline  quality  gas,  and 
separate  higher  hydrocarbons  and  sulphur  from  the  gas. 
During  the  process  methane,  in  a  gas  mixture  with 
hydrocarbons  of  a  lower  heating  value,  is  flared. 
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.  The  lack  of  a  gathering  system  for  methane  in  isolated 
areas  means  the  methane  is  flared. 

4.7.3  Reducing  Fugitive  Methane  Emissions  in  the  Petroleum 
Industry 

The  main  goal  of  the  natural  gas  industry  is  to  produce  and  sell 
as  much  natural  gas  as  economically  possible.   Since  the  main 
product  is  methane  gas,  the  industry  tries  to  maximize 
production,  including  minimizing  or  eliminating  fugitive  methane. 

The  Alberta  Energy  Resources  Conservation  Board  is  very  sensitive 
about  waste  gas.   It  requires  that  every  effort  be  made  to 
minimize  the  volume  of  the  fugitive  methane.   Before  permission 
is  granted  to  operate  an  oil  or  gas  well  all  circumstances  must 
be  scrutinized  to  avoid  wasting  methane  unnecessarily.   However, 
the  Board  also  takes  into  consideration  the  existing  low  price  of 
the  methane. 

4.7.4  Fugitive  Methane  Emissions  by  the  Petroleum  Industry 

An  estimated  2.7  billion  cubic  metres  of  natural  gas  with  a 
methane  concentration  of  72  percent  (2.0  billion  cubic  metres  of 
methane)  was  flared  in  Canada  in  1987.   This  methane,  which 
represents  about  1.6  percent  of  total  gas  production,  technically 
might  not  be  considered  "fugitive"  in  the  sense  that  most  of  it 
is  burned  (which  produces  carbon  dioxide)  rather  than  released  as 
methane.   An  estimated  10  percent  of  this  methane  (0.2  billion 
cubic  metres)  could  be  captured  economically. 
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4.8   Fugitive  Methane  from  Land  Fill  Sites 

4.8.1  Methane  from  Land  Fills 

Methane  gas  is  generated  during  the  decomposition  of  organic 
waste  in  sanitary  land  fill  sites.   Until  the  early  1970' s ,  this 
gas  was  considered  a  nuisance  at  best  and  a  potential  hazard  at 
worst. 

Raw  land  fill  gas  typically  consists  of  50  to  60  percent  methane 
and  40  to  50  percent  carbon  dioxide.   The  heating  value  is  about 
18.7  MJ  per  cubic  metre.   The  concentration  of  methane  in  land 
fill  gas  depends  upon  the  composition  of  organic  matter  in  the 
refuse  decomposing  at  that  time  and  the  extent  of  any  non- 
methanogenic  activity  occurring  in  the  land  fill. 

Actual  total  gas  production  and  gas  production  rates  from 
decomposing  solid  wastes  are  difficult  to  obtain.   Land  fill 
measurements  of  total  gas  generation  rates  are  in  the  range  of  6 
to  38  cubic  metres  per  year  per  tonne  of  wet  refuse  during  the 
period  of  maximum  methane  formation. 

4.8.2  Emissions  from  Canadian  Land  Fill  Sites 

Data  on  methane  emissions  from  Canadian  land  fill  sites  are  not 

available.   Crude  estimates  put  the  annual  emissions  at 

1,650  million  cubic  metres  of  methane.   This  estimate  is  subject 

to  a  margin  of  error  of  50  percent.   That  guantity  of  methane 

represents  almost  one  percent  of  Canada's  annual  secondary  energy 

demand. 

Speculative  data  for  the  United  States  transposed  to  Canada 
suggest  that  roughly  half  of  the  fugitive  methane  from  land  fills 
could  be  economically  recoverable.   Almost  one-guarter  of  all 
municipal  solid  waste  disposal  sites  in  the  United  States  have 
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methane  recovery  or  mitigation  systems.  They  are  necessary  to 
comply  with  the  Resource  Conservation  and  Recovery  Act.  Fewer 
than  ten  percent  of  those  sites  recover  the  methane  for  energy 
use. 

4.8.3   Use  of  Land  Fill  Gas 

Land  fill  gas  can  be  used  to  generate  heat  for  water  heating 
space  heating,  or  similar  uses.   Or  it  can  be  used  as  a  fuel  for 
electrical  generation.   A  dual  fuel  system  should  also  be  given 
consideration. 

To  recover  the  gas,  wells  must  be  drilled  into  the  land  fill. 
The  wells  have  a  relatively  low  flow  rate,  so  a  fairly  high 
density  of  wells  is  required.   Although  the  wells  are  not  deep, 
the  relatively  large  number  of  wells  and  the  associated 
collection  system  entail  a  large  capital  cost.   That  in  turn 
means  that  recovery  of  land  fill  methane  is  most  attractive  for 
larger  sites. 

4 . 9   Additional  Biogas  Sources  of  Fugitive  Methane 

4.9.1   Fugitive  Methane  from  Wastewater  Systems 

The  biological  process  of  anaerobic  digestion  has  been  used  by 
conventional  municipal  wastewater  treatment  facilities  for  almost 
100  years.   During  anaerobic  digestion,  metabolic  by-products 
such  as  methane,  carbon  dioxide  and  hydrogen  sulphide  gases  are 
produced.   The  methane  gas  could  be  captured  at  this  stage. 

The  City  of  Calgary's  Bonneybook  Sewage  Plant  generates  about 
3  0,000  cubic  metres  of  methane  per  day  from  a  wastewater  flow  of 
about  400  million  litres.   About  80  percent  of  this  is  utilized 
to  generate  electricity  for  peak  shaving  from  the  electrical 
grid  (about  20  to  30  percent  of  needs) .   It  is  not  economical  to 
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generate  more  electricity  as  the  cost  per  kWh  exceeds  the  base 
price  of  the  electrical  grid.   A  similar  system  operates  in 
Edmonton. 

No  data  are  available  on  the  quantity  of  fugitive  methane  that 
can  be  captured  from  sewage  treatment  plants. 

4.9.2   Fugitive  Methane  From  Animal  Manures 

Anaerobic  digestion  of  animal  manures  has  been  demonstrated  to  be 
an  effective  resource  management  tool.   The  system  does  not  need 
to  be  high-tech  to  be  effective.   A  medium  calorific  value  gas  is 
generated  and  can  be  used  by  the  animal  husbandry  facility  as 
heating  fuel  or  for  electrical  generation. 

Significant  amounts  of  fugitive  methane  can  easily  be  collected 
from  animal  manure.   An  American  study  found  that  28.7  billion 
cubic  metres  of  biogas  could  be  produced  from  manures  in  the 
United  States.   If  15  percent  is  taken  as  an  estimate  of  the 
Canadian  potential,  it  amounts  to  4,3  00  million  cubic  metres  of 
biogas. 

4.10  Summary  of  Fugitive  Methane  Emissions 

The  estimated  annual  emissions  of  fugitive  methane  and  the 
fraction  of  those  emissions  judged  to  be  economically  recoverable 
is  as  follows: 
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Estimated  Fraction  Potential        Potential 

Annual  Estimated  Reduction        Peduction 

Source  Emissions  of  to  be  of  Fugitive        of  Fugitive 

Methane  Economically  Emissions  Emissions 

(millions  of  m3)     Recoverable     (million  of  m3)  (1,000  tonnes) 


coal  mines  500  .5  250  180 

petroleum 
industry  2,000  .1  200  140 

land  fills  1,650  .5  800  570 

In   addition  methane   could  be   recovered   from   anaerobic   digestion 
of  municipal   wastewater   and   animal   manures. 


5.0   CONCLUSIONS 


The  conclusions  must  be  interpreted  in  the  context  of  the  study. 
The  study  provides  a  broad,  national  overview  of  measures  that 
can  be  implemented  to  reduce  atmospheric  greenhouse  gas  emissions 
due  to: 

.  combustion  of  fossil  fuels; 

.  use  of  CFCs  and  halons;   and 

.  capture  fugitive  methane  emissions. 

A  great  deal  of  work  remains  to  confirm  or  modify  estimates, 
verify  the  feasibility  of  measures  across  the  country,  etc.   The 
conclusions  must  therefore  be  treated  as  broad,  national 
conclusions  which  may  not  apply  in  their  entirely  to  specific 
regions  of  the  country. 

5.1   Reduction  of  Emissions  due  to  Fossil  Fuel  Combustion 

A  "significant  reduction"  of  projected  2005  emissions  of  carbon 
dioxide  due  to  fossil  fuel  combustion  is  achievable  but  very 
ambitious.   A  "significant  reduction"  in  this  context  means  the 
Toronto  Climate  Conference  recommendation  of  a  20  percent 
reduction  from  1988  emissions  of  carbon  dioxide  by  2005. 

A  "significant  reduction"  of  projected  carbon  dioxide  emissions 
by  2005  is  very  ambitious  because  it  requires  that  all 
appropriate  abatement  measures  be  vigorously  implemented. 

Basically,  there  are  no  choices.   The  only  option  is  to  do 
everything  that  will  reduce  carbon  dioxide  emissions.   Moreover, 
it  is  necessary  to  do  everything  effectively  to  achieve  a 
significant  reduction  in  projected  emissions. 
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The  reductions  in  emissions  that  can  be  achieved  from  a  single 
sector  or  by  displacing  a  single  fuel  fall  far  short  of  the 
desired  results.   Effective  measures  must  be  implemented  in  all 
sectors. 

Most  measures  to  reduce  carbon  dioxide  emissions  are  economically 
attractive  from  a  societal  perspective.   Implementing  the 
selected  measures  to  reduce  projected  carbon  dioxide  emissions 
will  yield  both  economic  and  environmental  benefits  to  Canada. 

The  energy  conservation  measures  are  generally  economically 
attractive  from  society's  perspective  on  the  basis  of  energy 
savings  alone  with  the  energy  prices  forecast  for  the  mid-1990s. 
Ascribing  an  economic  value  to  the  environmental  benefits 
associated  with  these  measures  would  simply  make  them  more 
attractive. 

Most  (about  75%)  of  the  reduction  of  projected  carbon  dioxide 
emissions  is  achieved  through  implementation  of  energy 
conservation  measures.   These  measures  do  not  entail  a 
deterioration  in  the  quality  of  energy  service,  such  as  space 
conditioning  comfort  levels.   They  are  measures  that  permit  equal 
or  better  service  to  be  provided  with  the  use  of  less  energy. 

The  remainder  of  the  reduction  of  projected  carbon  dioxide 
emissions  is  achieved  through  the  non-fossil  generation  of  . 
electricity.   The  types  and  amounts  of  non-fossil  generation 
needed  over  the  period  to  2005  are  feasible.   And  they  are  cost 
competitive  with  fossil-fired  generation. 

Achieving  a  "significant  reduction"  in  projected  carbon  dioxide 
emissions  is  more  manageable  and  less  costly  if  implementation 
starts  soon.   A  "crash  program"  to  reduce  carbon  dioxide 
emissions  starting  in  2000  is  neither  environmentally  nor 
economically  sound.   Many  components  of  the  stock  of  energy  using 
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facilities  and  equipment,  such  as  buildings,  heating  and  cooling 
systems,  and  industrial  equipment,  have  a  long  life.   Energy 
efficiency  is  easier  and  less  costly  to  improve  in  new  facilities 
and  equipment.   The  sooner  the  process  of  improving  the  new  stock 
begins,  the  lower  the  cost  of  achieving  the  desired  improvements. 

Significant  regional  differences  are  found  in  the  ability  to  meet 
the  Toronto  Climate  Conference  target.   It  appears  that  Quebec, 
Saskatchewan  and  Alberta  would  experience  the  greatest 
difficulties  meeting  their  carbon  dioxide  reduction  targets. 
More  detailed  regional  analyses  are  needed  to  confirm  this 
finding. 

The  most  effective  strategy  for  the  period  to  2005  and  possibly 
slightly  beyond  is  to  implement  energy  conservation  measures.   If 
the  desired  reductions  in  carbon  dioxide  emissions  are  achieved, 
the  scope  for  further  energy  efficiency  improvements  will  be 
limited. 

Beyond  2005  the  strategy  will  need  to  shift  to  greater  reliance 
on  non-fossil  generation  of  electricity  to  displace,  fossil  fuels 
in  the  end  use  sectors.   Research  and  development  of  such 
technologies  is  needed  over  the  next  15  years  to  enhance  the 
prospect  of  their  becoming  commercially  available  in  the  future. 

5.2   Reduced  Use  of  CFCs  and  Halons 

Todate  most  efforts  directed  at  reducing  the  greenhouse  effect 
have  focussed  on  CFCs.   An  international  agreement,  the  Montreal 
Protocol,  to  reduce  their  use  has  been  adopted  by  4  6  countries. 

Recent  government  policy  announcements  indicate  a  target  of  an 
85  reduction  in  the  use  of  CFCs  and  halons  before  2  000  with 
eventual  elimination  of  these  chemicals.   That  target  appears  to 
be  technically  and  economically  achievable.   Industry  has 
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indicated  that  it  is  prepared  to  cooperate  in  the  achievement  of 
those  targets.   Its  main  concern  is  fair  and  reasonable 
regulation  governing  the  reduced  use  of  CFCs  and  halons. 

The  main  area  yet  to  be  addressed  is  the  recovery  and  destruction 
of  "banked"  CFCs  and  halons  before  they  are  released  to  the 
environment. 

5.3   Capture  of  Fugitive  Methane  Emissions 

Fugitive  methane  emissions  can  be  economically  captured  from: 

.  petroleum  and  natural  gas  production; 

.  coal  mines; 

.  land  fills; 

.  municipal  wastewater  treatment  ;   and 

.  animal  manures. 

Fugitive  emissions  in  the  petroleum  industry  are  already 
carefully  scrutinized.   Due  to  the  size  of  the  industry,  the 
emissions  are  still  significant.   But  the  potential  for  economic 
recovery  is  low. 

Fugitive  methane  emissions  can  be  recovered  from  underground  coal 
mines.   And  it  can  be  recovered  from  open  pit  coal  mines  before 
they  are  developed.   A  significant  reduction  in  emissions  could 
be  achieved  economically.   Current  efforts  to  reduce  methane 
emissions  from  coal  mines  are  negligible. 

Land  fills  are  the  largest  of  the  fugitive  methane  emission 
sources  considered.   Recovery  and  use  can  be  economic  for  large 
land  fills.   Little  recovery  is  currently  practiced. 

Anaerobic  digestion  of  municipal  wastewater  and  animal  manures 
produces  methane  that  can  be  economically  recovered.   Data  on  the 
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potential  for  these  applications  are  not  available.   Some  western 
Canadian  wastewater  treatment  plants  capture  methane  and  use  it 
to  generate  electricity. 

The  principal  need  in  all  cases  is  for  regulations  or  incentives 
to  encourage  collection  and  use  of  the  methane  and  to  create 
markets  for  the  gas  and/or  electricity  produced. 
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1 . 0   INTRODUCTION 


This  appendix  provides  an  overview  of  the  methodology  used  to 
analyse  measures  with  the  potential  to  reduce  emissions  of  carbon 
dioxide  from  fossil  fuel  combustion.   Detailed  data  on  the  carbon 
dioxide  abatement  measures  are  provided  in  Appendix  E. 


2 . 0   OVERVIEW 


The  approach  used  for  the  analysis  is  summarized  in  Exhibit  A.l. 
An  extensive  list  of  measures  that  have  the  potential  to  reduce 
emissions  of  carbon  dioxide  is  compiled.   Each  of  these  measures 
is  documented  in  terms  of  its: 

.  energy  performance; 

.  cost  characteristics; 

.  potential  number  of  installations; 

.  reduction  of  greenhouse  gas  emissions; 

.  cost-effectiveness  in  terms  of  emission  reductions;   and 

.  potential  for  emissions  abatement. 

The  most  cost-effective  carbon  dioxide  abatement  measures  are 
selected.   The  impacts  of  these  measures  are  estimated  in  terms 
of: 

.  reduced  emissions  of  carbon  dioxide; 

.  reduced  emissions  of  other  greenhouse  gases;   and 

.  total  cost  of  the  measures. 

The  regional  impacts  of  the  selected  measures  are  analysed  and 
the  impacts  on  troppspheric  ozone  formation  are  assessed. 

These  steps  in  the  analysis  are  discussed  briefly  in  the 
following  sections. 
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EXHIBIT  A.l:    ANALYTICAL  APPROACH  C02  EMISSIONS  REDUCTION 


Selection  and  Definition 
of  Measures 


Energy  Performance  Data 


Cost  Characteristics  for 
a  Typical  Installation 


Potential  Number  of 
Installations 


Reduction  of  Greenhouse  Gas 

Emissions  for  Typical 

Installation 


Abatement  Cost-Effectiveness 
of  Typical  Installation 


Total  Emission  Reduction 
Achievable  per  Measure 


Selection  of  Cost-Ef fective 
Measures 


Reduction  in  Emissions  of 

Carbon  Dioxide  and 

Other  Gases 


Impact  on  Tropospheric 
Ozone 


Economic  and  Regional 
Impacts 


3.0   IDENTIFICATION  OF  CARBON  DIOXIDE  ABATEMENT  MEASURES 


3 . 1  Categories  of  Measures 

Measures  with  the  potential  to  reduce  emissions  of  greenhouse 
gases  due  to  combustion  of  fossil  fuels  were  identified  from  the 
available  literature.   The  potential  measures  were  classified 
into  the  following  categories;   measures  that: 

.  conserve  energy  and  so  reduce  fossil  fuel  use; 

.  substitute  a  less  carbonaceous  fuel  for  a  more  carbonaceous 

fuel  ; 
.  substitute  a  non-carbon  energy  source  for  a  carbonaceous 

fuel  ; 
.  remove  greenhouse  gases  from  combustion  emissions;   and 
.  recycle  greenhouse  gases. 

3.2  A  Typical  Installation 

Each  measure  is  defined  in  terms  of  a  "typical"  installation  such 
as  a  house,  an  automobile,  a  square  metre  of  commercial  floor 
space,  or  an  industry  sector,  for  which  performance  and  financial 
data  are  available. 

A  measure  typically  involves  a  specific  end  use  or  application 
and  fuel.   For  example,  a  building  envelope  retrofit  for  homes 
heated  with  natural  gas.   As  the  example  indicates  a  certain 
amount  of  aggregation  is  needed;   a  building  envelope  retrofit 
may  include  a  variety  of  specific  measures  such  as  ceiling,  wall 
and  basement  insulation,  caulking  and  weather  tightening,  storm 
windows,  etc.   The  "building  envelope  retrofit"  measure  used  in 
the  analysis  reflects  a  typical  mix  of  these  specific  measures. 

The  change  in  emissions  due  to  a  building  envelope  retrofit 
depends  upon  the  fuel  used  for  space  heating.   Thus,  it  is 
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necessary  to  define  three  "building  envelope  retrofit"  measures, 
one  each  for  natural  gas,  light  fuel  oil  and  electricity.   The 
need  to  define  measures  in  terms  of  the  existing  fuel  increases 
the  number  of  measures  that  must  be  included  in  the  analysis. 

3 . 3   Organization  of  Abatement  Measures 

The  number  of  measures  identified  is  so  numerous  that  they  are 
organized  into  six  sectors,  as  follows: 

.  residential; 

.  multi-residential; 

.  commercial  and  institutional; 

.  industrial  (general  and  specific  industries) ; 

.  transportation;   and 

.  electricity  generation. 


4.0   DATA  RELATING  TO  CARBON  DIOXIDE  ABATEMENT  MEASURES 


4 . 1  Introduction 

The  data  needed  with  respect  to  each  measure  to  complete  the 
analysis  fall  into  several  categories  as  follows: 

.  energy  performance; 

.  cost  characteristics; 

.  potential  number  of  installations; 

.  reduction  of  greenhouse  gas  emissions  per  installation; 

.  cost-effectiveness  in  terms  of  emissions  reductions;   and 

.  potential  for  emissions  abatement. 

Each  category  of  information  is  discussed  below.  The  detailed 
data  relating  to  individual  measures  together  with  sources  and 
notes  are  presented  in  Appendix  E. 

4.2  Energy  Performance  Data 

The  energy  performance  data  for  a  measure  provide  the  energy  use 
and  fuel  type  before  and  after  the  measure  has  been  installed, 
together  with  the  percent  savings.   Specifically,  the  energy 
performance  data  relating  to  each  measure  include: 

.  fuel  type  before  the  measure  is  implemented  (See  Exhibit  A. 2 
list  of  energy  types) . 

.  annual  energy  use  by  a  typical  unit  before  the  measure  is 
implemented.   It  is  the  amount  of  input  energy  for 
electricity  generating  measures. 

.  fuel  type  after  the  measure  is  implemented  (see 

Exhibit  A. 2).   In  the  case  of  energy  conservation  measures 
the  energy  type  is  the  same  before  and  after  the  measure  has 
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EXHIBIT  A. 2:    LIST  OF  ENERGY  TYPES 


ANTHRACITE 

IMPORTED  BITUMINOUS 

CANADIAN  BITUMINOUS 

SUB-BITUMINOUS 

LIGNITE 

COKE 

STEAM 

PROPANE 

LIQUID  PETROLEUM  GASES  (LPG's) 

MOTOR  GASOLINE 

DIESEL  FUEL 

AVIATION  GASOLINE 

AVIATION  TURBO 

LIGHT  FUEL  OIL 

HEAVY  FUEL  OIL 

NATURAL  GAS 

COMPRESSED  NATURAL  GAS  (CNG) 

ELECTRICITY 

METHANOL 

ETHANOL 

HYDROGEN 

WOOD 
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been  implemented.   For  substitution  measures  the  fuel  type 
after  implementation  of  the  measure  is  the  substitute  fuel. 

.  projected  annual  energy  use  by  a  typical  unit  after  the 
measure  is  implemented. 

.  by-product  energy.   This  is  useful  (i.e.,  could  be  sold) 
electricity,  steam  or  heat  produced  as  a  by-product  by  the 
measure.   In  the  case  of  co-generation  and  electricity 
generation  measures,  it  is  the  electricity  produced.1 

.  percent  energy  savings.   The  energy  use  of  a  typical  unit 
before  installation  of  the  measure  and  after  installation  of 
the  measure  are  converted  to  energy  units  using  the 
conversion  factors  in  Exhibit  A. 3.   The  percent  energy 
savings  due  to  implementation  of  the  measure  is  then 
calculated. 

The  energy  saving  is  compared  to  estimates  of  projected  savings 
reported  in  the  literature.   The  percent  energy  savings  is  not 
specifically  used  in  the  analysis.   Rather  it  is  used  as  a 
"reasonableness  check"  on  the  energy  performance  data,  since  the 
literature  most  often  reports  the  potential  impact  of  these 
measures  in  terms  of  their  impact  on  energy  use. 

The  data  relate  to  measures  that  can  be  in  normal  use  by  2005  in 
typical  facilities  of  the  time.   This  is  interpreted  as  the 
projected  performance  of  new  units  during  the  1995-2000  period. 
As  a  result,  the  energy  use  should  reflect  anticipated 
performance  of  new  units  during  the  1995-2000  period,  unless  the 


In  principle  this  also  includes  by-product  heat  and 
steam  from  electricity  generation.   Despite  concerted 
efforts,  sales  of  by-product  steam  and  heat  from 
generating  stations  have  been  negligible.   For  this 
reason  the  by-product  heat  and  steam  have  not  been 
included  in  the  analysis. 
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EXHIBIT  A. 3: 


ENERGY  -  NATURAL  UNIT  CONVERSION  FACTORS 


FUEL  TYPE 


NATURAL 
UNIT 


CONVERSION 

FACTOR 

(TJ  per  unit) 


COAL 


-  ANTHRACITE 

-  IMPORTED  BITUMINOUS 

-  CANADIAN  BITUMINOUS 

-  SUB-BITUMINOUS 

-  LIGNITE 
COKE 

PETROLEUM  COKE 
COKE  OVEN  GAS 
PROPANE 
BUTANE 
ETHANE 

LPG'S 

MOTOR  GASOLINE 

DIESEL  FUEL 

KEROSENE 

CRUDE  OIL 

LIGHT  FUEL  OIL 

HEAVY  FUEL  OIL 

AVIATION  TURBO  FUEL 

NATURAL  GAS 

ELECTRICITY 


kilotonnes 


megalitres 
gigalitres 
megalitres 


gigalitres 
gigawatt  hours 


27.70 
29.00 
27.60 
18.80 
14.40 
28.83 
42.38 
18.61 
25.53 
28.62 
18.36 
26.56 
34.66 
38.68 
37.68 
38.51 
38.68 
41.73 
35.93 
27.23 
3.60 


Sources:   Statistics  Canada.  "Quarterly  Report  on  Energy  Supply- 
Demand  in  Canada"  57-003  July,  1988  and  Energy,  Mines 
and  Resources  Canada,   Interfuel  Substitution  and 
Demand  Model. 
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technology  is  changing  very  rapidly  or  the  equipment  stock 
changes  quickly. 

4.3   Cost  Characteristics  for  a  Typical  Installation 

The  cost  data  for  each  measure  cover  its  capital  and  operating 
costs.   All  costs  are  expressed  in  1988  Canadian  dollars. 

4.3.1   Capital  Cost  of  a  Typical  Installation 

The  capital  costs  are  estimated  as  the  cost  of  installing  a 
typical  unit  in  the  1995-2000  period,  unless  dramatic  cost 
changes  are  anticipated  after  that  time.   Capital  costs  include 
monitoring  equipment,  building  renovations  and  any  other 
ancillary  investments  needed  for  a  typical  installation. 

The  capital  costs  are  the  incremental  capital  costs;   the  initial 
cost  net  of  any  investments  that  would  otherwise  be  required. 
For  example,  consider  the  installation  of  a  high  efficiency 
natural  gas  furnace  to  replace  an  oil  furnace  when  the  latter 
needs  replacement.   The  capital  cost  is  equal  to  the  cost  of  the 
new  gas  furnace  plus  the  cost  of  a  gas  connection  and 
modifications  to  the  heating  system  (if  any)  less  the  cost  of  a 
new  oil  furnace. 

The  analysis  assumes  that  replacement  measures,  such  as  the 
furnace  example,  are  implemented  on  the  normal  replacement 
cycle.   Advancing  the  replacement  cycle  by  installing  the  high 
efficiency  gas  furnace  before  the  oil  furnace  needs  replacement 
is  not  specifically  addressed  by  the  analysis.   Advancing  the 
replacement  cycle  reduces  the  emissions  sooner,  but  at  higher 
cost.   The  timing  of  emissions  reductions  over  the  period  to  2005 
is  not  critical  to  this  study. 
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4.3.2  Annual  Operating  Cost  Exclusive  of  Fuel 

Annual  operating  costs  other  than  fuel  are  estimated  for  the 
system  in  place  before  the  measure  is  implemented  and  for  the 
system  in  place  after  the  measure  has  been  implemented. 

In  the  case  of  the  furnace  replacement  discussed  in  the  previous 
section,  the  annual  maintenance  cost  of  an  oil  furnace  would  be 
the  cost  included  in  this  category.   The  annual  operating  costs 
other  than  fuel  after  the  furnace  has  been  replaced  is  the  annual 
maintenance  cost  of  a  high  efficiency  gas  furnace. 

4.3.3  Annual  Energy  Cost 

Annual  energy  costs  are  calculated  before  and  after  the  measure 
has  been  implemented.   The  amount  is  calculated  by  applying  the 
forecast  1995  energy  price  (expressed  in  1988  dollars)  for  the 
appropriate  fuel  to  the  annual  energy  use  as  reported  under  the 
energy  performance  data. 

A  table  of  forecast  energy  prices  for  1995  is  provided  in 
Exhibit  A. 4. 

The  energy  price  forecast  for  1995  is  taken  from  the  IFSD  Model 
15-24  forecast.2   For  the  purposes  of  the  economic  evaluation  of 
carbon  dioxide  abatement  measures  energy  prices  are  assumed  to  be 
constant  in  real  terms.   Since  the  forecast  assumes  that  real 
energy  prices  will  rise,  the  use  of  a  constant  energy  price  makes 


For  a  description  of  the  forecast  see  "Long-Term  Energy 
Outlook  1987-2005",  Energy  Market  Analysis  Division, 
Energy,  Mines  and  Resources  Canada,  June  1988.   The 
forecast  used  in  this  study  is  based  on  the  assumption 
that  Texas  crude  oil  prices  rise  from  U.S.  $15  per 
barrel  in  1988  to  U.S.  $24  per  barrel  in  2005  (both  in 
1986  U.S.  dollars) . 
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EXHIBIT  A. 4:  ENERGY  PRICES 


Fuel  -  Sector 

Price  per  Physical  Unit 

Price  per  G 

igajoule 

1995  Dollars 

1995  Dollars 
$/GJ 

1988  Dollars 
$/GJ 

SUB-BIT.  COAL  -  ELECTRICITY 

2.19 

$/GJ 

2.19 

1.63 

BIT.  COAL  -  COMMERCIAL 

85.43 

$/TONNE 

2.36 

1.76 

BIT.  COAL  -  ELECTRICITY 

2.19 

$/GJ 

2.19 

1.63 

BIT.  COAL  -  INDUSTRIAL 

105.48 

S/TONNE 

2.91 

2.17 

BIT.  COAL  -  RESIDENTIAL 

116.87 

S/TONNE 

3.23 

2.40 

DIESEL  -  TRANSPORTATION 

45.20 

C/L 

11.69 

8.70 

GASOLINE  -  TRANSPORTATION 

43.40 

C/L 

12.52 

9.32 

TURBO  FUEL  -  TRANSPORTATION 

30.90 

C/L 

8.60 

6.40 

METHANOL  -  TRANSPORTATION 

43.40 

C/L 

16.34 

12.16 

PROPANE  -  TRANSPORTATION 

43.40 

C/L 

17.00 

12.66 

HFO  -  COMMERCIAL 

21.30 

C/L 

5.10 

3.80 

HFO  -  ELECTRICITY 

5.02 

$/GJ 

5.02 

3.73 

HFO  -  INDUSTRIAL 

21.00 

C/L 

5.03 

3.75 

LFO  -  COMMERCIAL 

42.40 

C/L 

10.96 

8.16 

LFO  -  INDUSTRIAL 

41.30 

C/L 

10.68 

7.95 

LFO  -  RESIDENTIAL 

42.80 

C/L 

11.07 

8.24 

NATURAL  GAS  -  COMMERCIAL 

6.32 

$/GJ 

6.32 

4.70 

NATURAL  GAS  -  ELECTRICrTY 

5.40 

$/GJ 

5.40 

4.02 

NATURAL  GAS  -  INDUSTRIAL 

5.54 

$/GJ 

5.54 

4.12 

NATURAL  GAS  -  RESIDENTIAL 

7.41 

$/GJ 

7.41 

5.52 

CNG  -  TRANSPORTATION 

24.76 

0.00 

7.14 

ELECTRICITY  -  COMMERCIAL 

7.11 

C/KWH 

19.75 

14.70 

ELECTRICrTY  -  INDUSTRIAL 

4.18 

C/KWH 

11.61 

8.64 

ELECTRICITY  -  RESIDENTIAL 

5.67 

C/KWH 

15.75 

11.72 

ELECTRICITY  -  TRANSPORTATION 

7.11 

C/KWH 

11.62 

8.65 

C/L  -  Cents/Litre 
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the  measures  appear  somewhat  less  attractive  than  would 
otherwise  be  the  case. 

To  use  forecast  energy  prices  over  the  life  of  each  measure  it 
would  be  necessary  to  assume  a  pattern  of  implementation  for  the 
measure  and  to  have  a  forecast  of  energy  prices  well  beyond  2005. 
The  extended  forecast  of  energy  prices  is  not  available.   And  the 
effort  needed  to  use  forecast  energy  prices  in  the  analysis  is 
not  justified  when  weighed  against  the  bias  introduced  by  using 
constant  (real)  energy  prices. 

The  prices  of  transportation  fuels  have  been  adjusted  to  exclude 
federal  and  provincial  taxes.   This  allows  the  alternative  fuels 
to  be  compared  on  the  proper  economic  basis.   Taxes  on 
transportation  fuels  and  incentives  to  encourage  adoption  of 
alternatives  fuels  are  policy  matters.   They  are  avoided  by  using 
fuel  costs  net  of  federal  and  provincial  taxes. 

4.3.4  Measures  Life 

The  anticipated  life  of  the  proposed  measure  expressed  in  years. 

4.3.5  Summary  Cost  Data 

The  cost  data  are  summarized  in  three  ways.   These  summaries  are: 

.  net  measure  cost; 

.  simple  payback  period;   and 

.  levelized  cost. 

The  three  indicators  of  economic  attractiveness  convey 
essentially  the  same  information.   All  appear  in  the  literature 
and  so  all  are  calculated  as  part  of  the  analysis. 

Each  of  these  calculations  is  described  below. 
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4.3.6   Net  Measure  Cost 

Conceptually  net  measure  cost  is  defined  as  the  net  cost  of 
achieving  a  reduction  in  carbon  dioxide  emissions  by  implementing 
a  given  measure. 

The  appropriate  cost  calculation  must  include  the  initial  capital 
cost  of  the  measure  and  any  changes  in  operating  costs 
attributable  to  the  measure  accumulated  over  its  lifetime.   A 
future  payment  is  less  valuable  than  an  eguivalent  payment  today. 
The  difference  is  due  to  the  time  value  of  money;   the  fact  that 
money  could  be  earning  interest  in  the  interim.   To  adjust  for 
the  time  value  of  money  the  future  costs  associated  with  a 
measure  must  be  discounted  to  the  present  before  they  are 
aggregated.   The  cost  calculated  in  this  manner  is  the  net 
present  cost  of  the  measure. 

An  appropriate  discount  rate  (or  interest  rate)  must  be  selected 
in  order  to  calculate  the  net  measure  cost.   The  carbon  dioxide 
abatement  measures  are  evaluated  from  the  perspective  of  Canadian 
society.   When  using  this  perspective,  it  is  appropriate  to  use 
what  economists  call  a  "social  discount  rate".   There  is  an 
extensive  literature  on  the  appropriate  value  for  the  social 
discount  rate.   In  most  cases  the  real  (net  of  inflation)  social 
discount  rate  is  found  to  be  between  5  and  10  percent  per  year. 
A  real  social  discount  rate  of  7  percent  is  used  in  the  analysis. 

The  cost  items  available  for  each  measure  are  the  initial  capital 
cost,  annual  energy  costs  before  and  after  installation,  annual 
non-energy  costs  before  and  after  installation  and,  where 
relevant,  by-product  energy  revenues.   Many  of  the  measures 
analysed  reduce  energy  use  and  so  yield  a  reduction  in  annual 
energy  costs.   The  present  value  of  the  annual  saving  in  energy 
costs  over  the  life  of  the  measure  can  exceed  its  initial  cost. 
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In  other  words  the  net  measure  cost  may  be  negative,  a  net 
benefit. 

Although  the  measures  are  being  analysed  in  terms  of  their 
ability  to  effect  a  reduction  in  carbon  dioxide  emissions,  no 
value  is  assigned  to  the  emission  reduction.   The  costs 
considered  capture  all  of  the  costs  relevant  to  each  measure. 
Assigning  a  value  of  the  reduced  carbon  dioxide  emissions  would 
simply  make  the  net  measure  cost  of  each  measure  smaller.   It 
would  have  the  same  effect,  per  kilogram  of  carbon  dioxide,  on 
all  measures.   And  it  creates  the  problem  of  determining  an 
appropriate  value  for  a  one  kilogram  reduction  in  carbon  dioxide 
emissions.   It  is  simpler  not  to  place  a  value  on  the  carbon 
dioxide  emissions  abatement  and  to  recognize  that  the  "true" 
economic  costs  are  understated. 

The  calculation  of  net  measure  cost  proceeds  as  follows.  First, 
the  annual  cost  saving  attributed  to  the  measures  are  calculated 
as: 

+  annual  operating  costs  (ex  energy)  before  implementation 
+  annual  energy  cost  before  implementation 

-  annual  operating  costs  (ex  energy)  after  implementation 

-  annual  energy  cost  after  implementation 

+  annual  by-product  energy  revenue  after  implementation 

Next,  the  present  value  of  these  annual  cost  savings  is  computed 
over  the  life  of  the  measure  using  the  social  discount  rate. 
Finally,  the  present  value  of  the  annual  cost  savings  is 
subtracted  from  the  capital  cost  to  get  the  net  measure  cost. 

The  net  measure  cost  can  be  positive  (a  net  cost)  or  negative  (a 
net  benefit) .   A  negative  net  measure  cost  indicates  that  the 
measure  yields  economic  benefits  in  addition  to  the  reduction  in 
atmospheric  greenhouse  gas  emissions  achieved. 
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4.3.7  Simple  Payback  Period 

To  give  another  perspective  on  the  economic  attractiveness  of  the 
measure,  its  simple  payback  period  is  calculated.   The  simple 
payback  period  is  calculated  for  measures  whose  annual  cost 
savings  (as  defined  above)  are  positive.   The  simple  payback 
period  is  the  net  capital  cost  divided  by  the  annual  cost  saving. 
The  result  is  a  payback  period  in  years. 

The  shorter  the  period  (i.e.,  smaller  the  number)  the  more 
attractive  the  measure.   A  measure  that  yields  a  net  economic 
benefit  with  a  real  discount  rate  of  7  percent  will  generally 
have  a  payback  period  of  less  than  ten  years. 

Obviously,  the  payback  period  for  a  measure  should  be  less  than 
the  life  of  the  measure.   Otherwise  the  measure  is  still  being 
paid  for  after  it  has  gone  out  of  service. 

Past  experience  with  energy  conservation  programs  suggests  that 
many  consumers  and  commercial  enterprises  will  only  implement 
measures  with  a  simple  payback  period  of  less  than  three  years. 
Indeed,  in  some  cases  a  payback  period  of  less  than  one  year, 
which  implies  a  real  discount  rate  in  excess  of  100  percent,  is 
needed  to  induce  consumers  and  businesses  to  implement  energy 
conservation  measures.   Using  this  yardstick,  simple  payback  can 
be  used  as  a  crude  indicator  of  the  likely  market  penetration  of 
the  measure. 

4.3.8  Levelized  Cost 

Levelized  cost  is  a  third  indicator  of  the  economic 
attractiveness  of  a  measure.   The  levelized  cost  is  calculated 
as  follows: 
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+  capital  cost  of  the  measure 

+  present  value  of  the  incremental  change  in  annual  operating 

costs  (ex  energy)  after  implementation  of  the  measure 
+  present  value  of  annual  energy  cost  after  implementation  of 

the  measure. 

The  present  value  in  each  case  is  calculated  over  the  life  of  the 
measure  using  the  real  social  discount  rate  of  7  percent.   The 
sum  is  the  total  cost  incurred  after  having  implemented  the 
measure.   It  is  divided  by  the  energy  savings  due  to  the  energy 
conservation  or  fuel  substitution  measure. 

The  levelized  cost  is  the  cost  per  unit  of  energy  saved  or 
substituted  by  the  measure.   If  it  is  lower  than  the  cost  of  the 
energy  that  would  otherwise  be  purchased,  the  measure  is 
economically  attractive. 

4.4   Potential  Number  of  Installations 

The  energy  performance  data  and  cost  characteristics  relate  to  a 
typical  unit.   The  next  step  in  the  analysis  is  to  estimate  how 
many  of  those  typical  units  could  be  installed  by  2005. 

Three  estimates  of  the  number  of  typical  units  that  could  be 
installed  by  2005  are  prepared.   They  are  the: 

.  technical  potential  ; 

.  measures  economically  attractive  to  society  (MEAS) ;   and 

.  market  penetration. 

4.4.1   Technical  Potential 

The  technical  potential  is  the  total  number  of  installations  that 
are  technically  possible  in  Canada  by  2005.   For  example,  energy 
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efficient  lighting  for  the  commercial  sector  could  serve  all 
lighting  needs  in  the  sector  by  2005. 

To  properly  estimate,  the  technical  potential  requires  data  on 
the  stock  characteristics  and  care  to  avoid  double  counting. 
Stock  characteristics  must  often  be  estimated  or  approximated. 
Comprehensive  data  on  the  amount  of  commercial  and  institutional 
floor  space  in  Canada  do  not  exist.   And  provincial  studies 
devoted  to  determining  commercial  floor  space  have  arrived  at 
very  different  estimates.   The  approach  adopted  was  to  take 
energy  use  per  unit  area  and  divide  that  into  the  1988  commercial 
sector  energy  demand  forecast  by  the  IFSD  model.   That  gives 
internally  consistent  estimates  of  floor  space  and  energy  use. 

Another  example  of  the  limitations  of  the  stock  data  occurs  in 
the  residential  sector.   Data  on  the  housing  stock  and  on  total 
energy  use  are  available.   The  data  do  not  distinguish  average 
energy  use  by  fuel  type  or  age  of  the  house.   It  is  known  that  a 
higher  proportion  of  older  homes  use  oil  heating  and  probably  use 
more  fuel  because  of  differences  in  construction  standards.   This 
could  have  an  effect  on  the  estimated  savings  that  could  be 
achieved  through  retrofit  measures.   But  due  to  lack  of  data, 
these  differences  are  not  incorporated  into  the  analysis. 

In  principle,  all  new  housing  units  could  be  heated  with 
electricity,  oil  or  natural  gas.   In  practice  each  new  home  will 
be  heated  with  one  of  those  fuels.   To  avoid  double  counting  the 
total  stock  of  new  housing  units  must  be  apportioned  among  the 
three  fuels.   Present,  1988,  space  heating  fuel  market  shares  for 
dwellings  have  been  used  for  this  purpose. 

4.4.2   Measures  Economically  Attractive  to  Society 

Measures  economically  attractive  to  society  are  these  that  yield 
an  economic  benefit  to  society  in  addition  to  the  reduction  in 
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greenhouse  gas  emissions.   In  the  case  of  energy  conservation 
measures,  the  measures  economically  attractive  to  society  (MEAS) 
yield  a  net  return  to  society  on  the  basis  of  energy  savings 
alone.   In  the  case  of  substitution  and  generation  measures,  the 
MEAS  have  a  lower  net  measure  cost  than  the  best  alternative. 

MEAS  differs  from  the  technical  potential  in  two  ways.   First,  a 
measure  that  is  not  economically  attractive  to  society  may  be 
included  in  the  technical  potential,  but  it  is  not  included  in 
the  MEAS.   Second,  a  measure  that  is  economically  attractive  to 
society  may  have  a  lower  penetration  under  the  MEAS  then  under 
the  technical  potential. 

A  measure  that  forms  part  of  the  technical  potential  but  is  not 
economically  attractive,  as  determined  by  having  a  net  measure 
cost  greater  than  zero,  has  a  MEAS  penetration  of  zero. 

In  principle  the  economic  potential  for  a  measure  that  is 
economically  attractive  from  society's  perspective  is  the  same  as 
the  technical  potential.   But  the  MEAS  penetration  is  sometimes 
adjusted  downward  from  the  estimated  technical  potential  because 
a  measure  that  is  economically  attractive  on  average  will  not  be 
economically  attractive  for  all  of  the  potential  applications. 

For  example,  energy  efficient  motors  are  attractive  on  average, 
but  not  in  situations  with  very  low  operating  periods.   Hence, 
the  economic  penetration  is  likely  to  be  less  than  the  entire 
stock.   In  the  case  of  measures  for  new  stock,  the  economic 
potential  may  be  reduced  from  the  technical  potential  on  the 
basis  that  it  will  be  implemented  only  after  the  measure  becomes 
commercially  available  rather  than  from  1988. 
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4.4.3   Market  Penetration 

Estimated  market  penetration  by  2005  is  the  fraction  of  the 
technical  potential  likely  to  be  achieved  with  no  new  policy 
measures  to  promote  adoption. 

The  market  penetration  is  generally  much  lower  than  the  measures 
economically  attractive  to  society.   This  is  due  to  the  fact  that 
individual  consumers  and  firms  often  seek  much  higher  rates  of 
return  for  energy  investments  than  the  social  rate  of  return.   In 
addition  a  variety  of  information  and  institutional  barriers  can 
inhibit  the  adoption  of  some  measures.   The  market  penetration 
estimates  are  based  on  the  available  literature  and  on 
professional  judgements  based  on  the  payback  period  for  the 
measure. 

4.5   Adjustment  of  the  Carbon  Dioxide  Emissions  Reduction  Target 

The  IFSD  model  is  an  econometric  model.   Its  equations  do  not 
incorporate  specific  energy  efficiency  measures.   But  energy 
efficiency  improvements  have  occurred  in  the  past  and  these 
changes  are  probably  implicit  in  the  estimated  equations  used  in 
the  model.   Thus  the  energy  demand  forecast  probably  includes 
some  improvement  in  energy  efficiency.   But  the  improvement  in 
energy  efficiency  is  implicit  and  can  not  be  determined. 

Many  of  carbon  dioxide  abatement  measures  analysed  involve  energy 
efficiency  improvements.   These  improvements  are  measured  using 
current  average  performance  as  the  base.   In  other  words,  the 
efficiency  improvements  are  estimated  assuming  that  1988  average 
performance  would  otherwise  prevail.   To  the  extent  that  the  IFSD 
energy  demand  forecast  already  incorporates  some  implicit  energy 
efficiency  improvements,  the  analysis  overstates  the  reduction  in 
2  005  energy  demand  forecast  by  the  IFSD  model  that  could  be 
achieved  through  implementation  of  energy  efficiency  measures. 
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That  would  also  overstate  the  carbon  dioxide  emissions  reductions 
achieved  by  those  measures. 

This  possible  overstatement  of  the  energy  savings  and  carbon 
dioxide  emission  reductions  relative  to  the  IFSD  forecast  for 
2005  can  be  accounted  for  in  one  of  two  ways.   The  energy  savings 
and  associated  carbon  dioxide  emission  reductions  can  be  reduced 
by  the  amount  of  the  overstatement.   Alternatively  the  carbon 
dioxide  emissions  reduction  target  can  be  increased  by  the  amount 
of  the  overstatement.   While  the  latter  approach  may  appear  less 
rigorous,  it  is  a  much  more  convenient  approach  and  is  the  one 
adopted  for  the  analysis. 

The  problem  of  determining  the  extent  to  which  energy  savings  are 
overstated  remains.   It  is  not  possible  to  estimate  the  energy 
efficiency  improvements  implicit  in  the  IFSD  forecast  without  an 
extensive  analytical  effort  that  is  well  beyond  the  scope  of  this 
analysis.   Without  knowing  the  energy  efficiency  gains  that  are 
implicit  in  the  IFSD  forecast,  there  is  no  analytical  way  to 
estimate  the  extent  of  the  overstatement.   Faced  with  this 
situation,  the  Steering  Committee  agreed  to  adopt  the  market 
penetration  estimate  of  energy  efficiency  improvements  (both 
fossil  fuels  and  electricity)  as  a  proxy  for  the  possible 
overstatement  of  savings  due  to  energy  efficiency  measures. 

The  carbon  dioxide  emissions  associated  with  the  energy 
efficiency  measures  under  the  market  penetration  case  amount  to 
51  million  tonnes  per  year.   This  amount  is  added  to  the  Toronto 
Climate  Conference  target,  as  estimated  from  the  IFSD  model 
forecast,  of  291  million  tonnes  per  year.   In  other  words,  the 
carbon  dioxide  emissions  reduction  target  becomes  291  to 
342  million  tonnes  per  annum. 
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4.6  Reduction  of  Greenhouse  Gas  Emissions  for  a  Typical 
Installation 

The  reduction  of  greenhouse  gas  emissions  is  calculated  for  a 
typical  installation  of  each  measure.   For  example,  a  carbon 
dioxide  emission  coefficient  is  applied  to  the  fuel  use  before 
implementation  of  the  measure  and  to  the  fuel  use  after 
implementation  of  the  measure.   The  difference  is  the  reduction 
in  carbon  dioxide  emissions  for  a  typical  installation. 

Reduction  of  emissions  for  a  typical  installation  is  calculated 
using  emissions  coefficients  for  carbon  dioxide,  carbon  monoxide, 
methane  and  nitrogen  oxides  for  various  fuels.   A  table  of 
emissions  coefficients  is  presented  in  Exhibit  A. 5.   Emissions 
coefficients  are  not  available  for  nitrous  oxide  (N20) . 
Reductions  in  emissions  of  N0X  are  calculated  so  that  changes  in 
tropospheric  ozone  can  be  estimated. 

4.7  Abatement  Cost-Effectiveness  of  a  Typical  Installation 

The  cost-effectiveness  of  each  measure  in  reducing  greenhouse  gas 
emissions  is  calculated  by  dividing  the  net  measure  cost  by  the 
product  of  the  reduction  of  emissions  and  the  measure  life. 
Although  the  focus  is  on  carbon  dioxide,  the  abatement  cost- 
effectiveness  is  calculated  for  each  gas.   The  abatement  cost- 
effectiveness  of  the  measure  is  expressed  in  terms  of  1988 
dollars  per  kilogram  of  C02  reduced.   The  same  calculation  is 
performed  for  each  gas.   The  lower  the  cost  per  kilogram  of 
greenhouse  gas  emissions  reduced,  the  more  attractive  the 
measure. 

4.8  Total  Emission  Reduction  Achievable  per  Measure 

The  total  emission  reduction  achievable  is  calculated  as  the 
product  of  the  technical  potential  and  the  emission  reduction  per 
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typical  installation.   The  calculation  is  repeated  with  the 
measures  economically  attractive  to  society  and  the  market 
penetration  replacing  of  the  technical  potential.   The  result  is 
three  estimates  of  the  emissions  reductions  that  can  be  achieved, 
reflecting  different  assessments  of  the  penetration  of  the 
measure.   The  calculations  are  performed  for  each  gas. 

In  addition,  a  total  abatement  effect  is  calculated.   Reductions 
in  the  emissions  of  methane  are  converted  to  equivalent  carbon 
dioxide  reductions  using  radiative  equivalence  factors.   The 
carbon  dioxide  equivalents  of  carbon  dioxide  and  methane  are  then 
summed  to  get  the  total  abatement  effect.   Radiative  equivalence 
factors  are  presented  in  Exhibit  A. 6. 
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EXHIBIT  A. 6: 


RADIATIVE  EQUIVALENCE  FACTORS 


Molecular 

Gas 

Weight 

Carbon  Dioxide 

44.01 

Carbon  Monoxide 

28.01 

Nitrous  Oxide 

44.01 

Methane 

16.04 

Ozone 

48.00 

CFC-12 

120.91 

CFC-I1 

137.37 

CFC-113 

187.38 

CFC-114 

206.37 

CFC-115 

225.37 

HCFC-22 

86.47 

HCFC-1326 

134 .94 

HCFC-134a 

102.03 

Methyl  Chloroform 

133.41 

Carbon  Tetrachloride 

153.82 

Halon  1301 

148.91 

Halon  1211 

165.36 

Radiative 

Equivalence  Relative 

to  C02  Per  Unit  Weight 


200 

55 

1, 

833 

3, 

636 

1,281 

-  2,787 

(ave, 

2,000) 

706 

-  1,882 

(ave. 

,  1,300) 

* 

2, 

,343 

356 

65 

302 

33 

23,625 


*  No  data. 

Radiative  Equivalence  Relative  to  C02  : 

The  radiative  equivalence  relative  to  CO2  is  calculated 
as  follows: 

Molecular  Weight  C02   x   Index  at  Radiative  Sensitivity 

(Source  A) 

Molecular  Weight  Other 
Greenhouse  Gas 


The  Radiative  sensitivity  for  CFC's,  Methyl  Chloroform 
and  Halon  1301  and  1211  relative  to  C02  is  from 
Source  B  based  on  CFC-12  radiative  sensitivity  equaling 
10,000  relative  to  C02  in  Source  A. 

Source  A:  Climate  effect  of  one  molecule  relative  to 
C02.   UNEP,  "Possible. Effects  of  Man's 
Activities  on  the  Ozone  Layer  and  Climate". 
UNEP  Policy,  Support  Document,  London  1986. 
(Table  provided  by  Paul  Chenard,  Energy, 
Mines  and  Resources.) 

Source  B:  Bach,  Wilfrid,  "The  Endangered  Climate", 

Report  No.  15,  1988,  in  Energy  and  Climate 
Change:   What  Can  Western  Europe  Do?. 
F.  Krause  and  W.  Bach  (eds.)  prepared  for 
Ministry  of  Housing,  Physical  Planning  and 
Environment,  The  Netherlands,  February  1988. 
(Table  provided  by  Paul  Chenard,  Energy, 
Mines  and  Resources.) 


5.0   SELECTION  OF  COST-EFFECTIVE  MEASURES 


5.1  Carbon  Dioxide  Emissions  Reduction  Target 

To  construct  a  greenhouse  gas  abatement  scenario,  the  target 
recommended  by  the  Toronto  Climate  Conference  was  used.   Using 
the  IFSD  model,  energy  demand  forecast  implies  a  carbon  dioxide 
reduction  target  of  291  million  tonnes  per  year.   This  would 
reduce  the  estimated  2005  emissions  of  627  million  tonnes  to 
336  million  tonnes,  which  is  80  percent  of  the  1988  estimated 
emissions  of  419  million  tonnes. 

However,  as  noted  in  Section  4.5  above,  the  IFSD  energy  demand 
forecast  probably  includes  some  implicit  energy  efficiency 
improvements.   This  would  cause  the  carbon  dioxide  reductions 
attributed  to  specific  measures  to  be  overstated.   To  adjust  for 
this  possible  overstatement,  the  target  is  adjusted  to  291  to 
342  million  tonnes  per  annum. 

5.2  Selection  Criteria 

The  selection  criteria  for  carbon  dioxide  abatement  measures  is 
cost-effectiveness.   The  most  cost-effective  measures  are 
selected  first.   This  yields  the  largest  possible  reduction  in 
carbon  dioxide  emissions  for  the  lowest  total  cost. 

The  process  of  selecting  carbon  dioxide  abatement  measures  is 
more  complex  than  it  sounds.   There  are  two  reasons  for  this: 

.  the  reductions  are  achieved  by  direct  and  indirect  means; 

and 
.  the  emissions  reductions  for  various  measures  are  not 

always  additive. 
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The  adjustments  needed  to  cope  with  these  complications  are 
discussed  below. 

5.3   Categories  of  Carbon  Dioxide  Emissions  Reductions 

Carbon  dioxide  emissions  reductions  can  be  achieved  directly  or 
indirectly  through  the  following  three  categories  of  measures: 

.  direct  reduction  of  carbon  dioxide  emissions  through 

conservation,  substitution  and  other  measures  that  affect 
fossil  fuel  use  in  the  residential,  commercial,  industrial 
and  transportation  sectors. 

.  indirect  reduction  of  carbon  dioxide  through  measures  that 
reduce  the  use  of  electricity  in  the  residential, 
commercial,  industrial  and  transportation  sectors.   Reduced 
demand  for  electricity  lowers  the  use  of  fossil  fuel  used  to 
generate  electricity  and  so  lowers  carbon  dioxide  emissions. 

.  substitution  of  non-fossil  generation  for  fossil  fueled 
generation.   This  lowers  carbon  dioxide  emissions  by 
reducing  the  amount  of  fossil  fuel  used  to  generate 
electricity. 

The  analysis  proceeds  by  examining  the  carbon  dioxide  emissions 
reductions  that  can  be  achieved  by  each  of  these  categories  of 
measures  in  turn. 

Most  of  the  measures  in  the  first  category  reduce  the  emissions 
of  carbon  dioxide  and  other  greenhouse  gases  through  reduced  use 
of  fossil  fuel  or  substitution  of  a  less  carbonaceous  fuel. 

Measures  that  reduce  the  use  of  electricity  affect  emissions  by 
the  electricity  generation  sector.   So  called  demand-side 
management  measures,  reduce  the  demand  for  electricity  in  a 
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specific  sector.   However,  to  determine  the  net  impact  or 
electricity  generation,  it  is  also  necessary  to  consider  measures 
that  increase  demand  for  electricity  (e.g.,  electrotechnologies 
in  the  industrial  sector)  or  increase  the  production  of 
by-product  electricity  (e.g.,  cogeneration) . 

The  net  impact  on  the  demand  for  electricity  is  added  to  the 
forecast  growth  in  demand  for  electricity  to  get  an  adjusted 
demand  to  be  supplied  by  the  utility  sector.   The  reduced  demand 
for  electricity  supplied  by  the  utility  sector  is  converted  into 
a  reduction  in  the  fossil  fuel  demand,  and  hence  carbon  dioxide 
emissions,  forecast  by  the  IFSD  model. 

The  third  category  of  measures  consists  of  the  substitution  of 
non-fossil  fueled  generation  for  new  and  existing  fossil  fueled 
generation.   The  technical  potential  for  this  measure  is  defined 
as  the  amount  of  non-fossil  generation  capacity  forecast  by  the 
IFSD  model  to  be  available  by  2005. 

5.4   Additivity  of  Emissions  Reductions 

Emission  reductions  for  various  measures  are  not  always  additive. 
For  example,  maintaining  proper  tuning  of  an  automobile  engine  is 
estimated  to  reduce  fuel  use  by  ten  percent.   If  the  average 
fuel  efficiency  of  automotive  engines  improves,  the  fuel  savings 
and  emissions  reductions  that  can  be  achieved  through  proper 
tuning  decline  proportionally.   There  are  a  number  of  instances 
where  the  emissions  reduction  achieved  by  combinations  of 
measures  must  be  adjusted  to  reflect  such  interactions. 


6.0   IMPACT  ON  TROPOSPHERIC  OZONE 


Measures  that  reduce  carbon  dioxide  emissions  also  reduce 
emissions  of  other  gases.   Among  the  other  emissions  reduced  are 
nitrogen  oxides  (N0X)  and  volatile  organic  compounds  (VOCs)  which 
react  in  the  presence  of  light  to  form  ozone  in  the  troposphere. 
The  relationship  between  N0X  and  VOC  emissions  and  ozone 
formation  is  reviewed  in  Appendix  D.   That  relationship  is  used 
to  estimate  the  effect  of  selected  measures  on  tropospheric  ozone 
formation. 


